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We demonstrate theoretically the bundle emission of n strongly correlated phonons in an acoustic
cavity QED system. The mechanism relies on anti-Stokes resonances that generate super-Rabi
oscillations between states with a large difference in their number of excitations, which, combined
with dissipation, transfer coherently pure n-phonon states outside of the cavity. This process
works with close to perfect purity over a wide range of parameters and is tunable optically with
well-resolved operation conditions. This broadens the realm of quantum phononics, with potential
applications for on-chip quantum information processing, quantum metrology, and engineering of
new types of quantum devices, such as optically heralded N -phonon guns.
The manipulation of quantum states is one of the
main topics of modern science. In the case of light,
the ideal platform for manipulating photons is cavity
quantum electrodynamics (cQED) [1, 2], where the
interaction of quantized cavity fields with matter can
be controlled during the system’s coherent time. This
leads to many interesting results, including single-photon
sources [3], the preparation of nonclassical states [4–8],
the realization of quantum squeezed light [9] and photon
superradiance [10–13], among others. An increasingly
popular research line is that of multi-photon physics [14–
19], with potential applications for multi-photon
laser [20], beating the diffraction limit [21], quantum
biology [22, 23] and metrology [24, 25]. In particular, a
scheme for the direct generation of n-photon states in
the same mode (n-photon bundles) has been recently
proposed [16].
Besides photons, phonons (the quanta of mechanical
waves) have emerged as strong candidates for the
engineering of solid-state quantum devices and on-chip
quantum communications, with several distinct
advantages. First, the speed of acoustic waves is
significantly slower than the speed of light, and thus
it is more suitable for communications over short
distances, such as a few hundred micrometers or less
(i.e., on-chip communication) [26, 27]. Second, since
phonons can only propagate in a medium, they are
immune to radiation losses into the vacuum. Lastly,
phonon cavities are greatly tunable, with resonant
frequency-ranges from gigahertz (GHz) to terahertz
(THz) having already been fabricated [28–35]. THz
phonons have wavelengths comparable to the lattice
constants, which have important applications for
sensing and nanoscale imaging, such as detecting
microscopic subsurface structures with atomic precision.
Consequently, quantum phononics has progressed
enormously, including the investigation of phonon
lasers [36–42], phononic quantum networks [27, 43, 44],
the detection of electron-phonon interaction in double
quantum dots [45, 46], etc. [47–56]. The generation
of multi-phonon quantum states, as a fundamental
milestone on the road of acoustic quantum devices,
becomes an urgent task of phononics.
Here, we present a method for implementing n-phonon
bundle emission from a quantum dot (QD) coupled to
an acoustic nanocavity with electron-phonon coupling
and coherently driven by a laser at the nth-order phonon
sideband. This optically-driven anti-Stokes process
realizes super-Rabi oscillations [57] between states with
large differences in their number of excitations. While
in the optical regime, high purity was achieved by
Purcell-enhancing so-called leapfrog transitions [16, 58],
we show that pure bundle-emission can also be
achieved by opening a dissipative channel for such
super-Rabi oscillations induced by the anti-Stokes
resonances. The enlarged regime of bundling emission
together with the more complex level structure shows
that n-quanta emission is not limited to particular
platforms and configurations but can be exploited in
more general settings, in particular since the ideal
anti-Stokes resonance can be realized over a wide range
of parameters. Our proposal also features a series
of exclusive advantages. The mixed phonon-photon
emission allows us to efficiently and conveniently isolate
the useful strongly-correlated n-phonon emission from
the other (optical) de-excitation channels, which can
even be used for optical heralding. The mechanism is also
robust to varying electron-phonon coupling strengths
and/or driving strengths, which only change the resonant
conditions. This leaves much room to achieve n-phonon
bundle emission and optimize its purity. We find close
to 99% two-phonon emission and 97% three-phonon
emission with today’s figures of merit [28–31]. Our
work not only allows to realize n-phonon lasers, but
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2FIG. 1: (a) Scheme of the model and of the anti-Stokes
resonances in the frequency domain. A QD (frequency
ωσ) couples to a single-phonon mode (frequency ωb) with
electron-phonon coupling strength λ. The anti-Stokes
resonance is realized when a laser with frequency ωL pumps
the nth-order phonon sideband, i.e., ωL = ωσ + nωb, which
corresponds to (b) an ideal Raman process between the states
|0, v〉, |0, c〉, and |n, c〉. For large electron-phonon coupling
and driving-laser intensity, the energy structure changes to
that of the strong coupling regime λ ∼ ωb (c) and of the
strong driving (Mollow) regime Ω ∼ ωb (d), with |n˜〉 the
displaced phonon Fock state and |±〉 the dressed QD states.
The zero phonon states in the different regimes are denoted
by red pentagons.
opens potential applications for on-chip quantum
communications in future photon-phonon hybrid
quantum networks. It also provides the important family
of nonlinear anti-Stokes processes with a new type of
quantum engineering, besides the widely applied photon
and phonon manipulations, such as the generation
of paired photons [59], electromagnetically induced
transparency [60], sideband cooling of mechanical
oscillator [61], etc. [62, 63].
Model and anti-Stokes resonance.—We consider a
phonon cQED model, with a QD coupled to a
single-phonon mode of an acoustic nanocavity with
electron-phonon coupling λ, as shown in Fig. 1(a). The
QD is a two-level system with conduction-band state |c〉
and valence-band state |v〉 and band-gap frequency ωσ.
The QD is driven by an optical laser with frequency
ωL and amplitude Ω. The system’s Hamiltonian reads
(~ = 1)
H =ωbb
†b+ ωσσ†σ + λσ†σ(b† + b)
+ Ω
(
eiωLt σ + e−iωLt σ†
)
, (1)
where b† (b) is the creation (annihilation) operator of
the phonon mode with resonance frequency ωb and σ =
|v〉〈c| (σ†) is the Pauli annihilation (creation) operator
for the QD. Over a wide range of parameters, this
system displays anti-Stokes resonances associated with
   
0
0.5
1
   
0
0.5
1
102 104 106
0
0.5
1
Po
pu
la
tio
ns
 o
f s
ys
te
m
 st
at
es
105 107
0
0.5
1
105 107
0
0.5
1
105 107
0
0.5
1
(a)
(b)
(c)
FIG. 2: Super-Rabi oscillations as seen through the
population dynamics Pjk(t) = |〈j, k|ψ(t)〉|2 (j = n, n˜ and
k = c, v,+,−) with n = 2, 3 corresponding to the main and
insert parts, respectively. The solid lines and dots correspond
to the exact numerical results and the analytical approximate
solutions based on Ω
(n)
eff [64], respectively. System parameters
are (a) λ/ωb = 0.03, Ω/ωb = 0.003, (b) λ/ωb = 0.1,
Ω/ωb = 0.003, (c) λ/ωb = 0.03, Ω/ωb = 0.8, corresponding to
the regimes of Figs. 1(b), 1(c) and 1(d), respectively.
the periodic generation of n phonons in the acoustic
cavity.
First, in the parameter regime Ω, λ  ωb, where the
influence on the energy structure of the electron-phonon
coupling and driving laser can be ignored, the eigenstates
of the system are given by the product states |n, c/v〉.
As shown in Fig. 1(b), the ideal anti-Stokes resonance
(stimulated Raman process) between states |0, v〉, |0, c〉,
and |n, c〉 is realized when the QD is driven at
the frequency of the nth-order phonon sideband, i.e.,
∆ = ωσ − ωL = −nωb. Specifically, the QD flip
is accompanied by the emission of n phonons into
the acoustic cavity, induced by the electron-phonon
interaction. One can obtain by perturbation theory the
approximate anti-Stokes transition rate between |0, v〉
and |n, c〉 leading to their super-Rabi oscillations as
Ω
(2)
eff =
√
2Ωλ2/(2Ω2−λ2+2ω2b ) (the derivation is detailed
in the supplementary material [64]).
Second, in the parameter regime λ ∼ ωb, strong
electron-phonon coupling changes the energy structure,
leading to different anti-Stokes resonance conditions.
This brings the system Hamiltonian to
H = ωbb
†b+ ω˜σσ†σ + Ω[σ†e
−iωLt+ λωb (b
†−b)
+ H.c.] (2)
through a displaced transformation H → DHD†, where
D = exp [(λ/ωb)σ
†σ(b† − b)], with ω˜σ = ωσ − λ2/ωb
the rescaled flip frequency of the QD. The reduced
Hamiltonian is similar to that describing a driven
ion (with λ/ωb the Lamb–Dicke parameter) [65], with
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<latexit sha1_base 64="v1HOqiXWgT8mhFCawUAxMOSDHF0=">A AACynicjVHLSsNAFD2Nr1pfVZdugkVwISVRQ ZcFNy5cVLAPqFWS6bSGpkmYTIQSuvMH3OqH iX+gf+GdcQpqEZ2Q5My559yZe6+fhEEqHee 1YM3NLywuFZdLK6tr6xvlza1mGmeC8QaLw1 i0fS/lYRDxhgxkyNuJ4N7ID3nLH56peOueiz SIoys5Tnh35A2ioB8wTxLVcp2b3HUmt+WKU 3X0smeBa0AFZtXj8guu0UMMhgwjcESQhEN4 SOnpwIWDhLgucuIEoUDHOSYokTcjFSeFR+y QvgPadQwb0V7lTLWb0SkhvYKcNvbIE5NOEFa n2Tqe6cyK/S13rnOqu43p75tcI2Il7oj9yz dV/tenapHo41TXEFBNiWZUdcxkyXRX1M3tL 1VJypAQp3CP4oIw085pn23tSXXtqreejr9p pWLVnhlthnd1Sxqw+3Ocs6B5WHWPqoeXx5X agRl1ETvYxT7N8wQ1nKOOhq7yEU94ti4sYY2 t/FNqFYxnG9+W9fABKkaRRw==</latexit>
1020
<latexit sha1_base 64="iiSa+4o9UcIW6HB926ZJ0PR9sk0=">A AACynicjVHLSsNAFD2Nr1pfVZdugkVwISWpg i4Lbly4qGAfUKsk6bQOpkmYTIQSuvMH3OqH iX+gf+GdcQpqEZ2Q5My559yZe6+fhDyVjvN asObmFxaXisulldW19Y3y5lYrjTMRsGYQh7 Ho+F7KQh6xpuQyZJ1EMG/kh6zt352qePueiZ TH0aUcJ6w38oYRH/DAk0S1Xec6rzmTm3LFq Tp62bPANaACsxpx+QVX6CNGgAwjMESQhEN4 SOnpwoWDhLgecuIEIa7jDBOUyJuRipHCI/a OvkPadQ0b0V7lTLU7oFNCegU5beyRJyadIKx Os3U805kV+1vuXOdUdxvT3ze5RsRK3BL7l2 +q/K9P1SIxwImugVNNiWZUdYHJkumuqJvbX 6qSlCEhTuE+xQXhQDunfba1J9W1q956Ov6m lYpV+8BoM7yrW9KA3Z/jnAWtWtU9rNYujir 1AzPqInawi32a5zHqOEMDTV3lI57wbJ1bwhp b+afUKhjPNr4t6+EDLKiRSA==</latexit>
1030
<latexit sha1_base 64="/yg5kl/Iqd7n0DrwXPTS5PogCzI=">A AACynicjVHLSsNAFD2Nr1pfVZdugkVwISVpB V0W3LhwUcE+oFZJptMamheTiVBCd/6AW/0w 8Q/0L7wzpqAW0QlJzpx7zp2597qx7yXSsl4 LxsLi0vJKcbW0tr6xuVXe3mknUSoYb7HIj0 TXdRLueyFvSU/6vBsL7gSuzzvu+EzFO/dcJF 4UXslJzPuBMwq9occcSVTHtm6yujW9LVesq qWXOQ/sHFSQr2ZUfsE1BojAkCIARwhJ2IeD hJ4ebFiIiesjI04Q8nScY4oSeVNScVI4xI7 pO6JdL2dD2quciXYzOsWnV5DTxAF5ItIJwuo 0U8dTnVmxv+XOdE51twn93TxXQKzEHbF/+W bK//pULRJDnOoaPKop1oyqjuVZUt0VdXPzS 1WSMsTEKTyguCDMtHPWZ1N7El276q2j429a qVi1Z7k2xbu6JQ3Y/jnOedCuVe16tXZ5XGk c5aMuYg/7OKR5nqCBczTR0lU+4gnPxoUhjIm RfUqNQu7ZxbdlPHwALwqRSQ==</latexit>
1040
<latexit sha1_base 64="ZLsBx2DOexb11b0UKOJdmc0wcRU=">A AACynicjVHLSsNAFD2Nr1pfVZdugkVwISWpB V0W3LhwUcE+oFZJptMamheTiVBCd/6AW/0w 8Q/0L7wzpqAW0QlJzpx7zp2597qx7yXSsl4 LxsLi0vJKcbW0tr6xuVXe3mknUSoYb7HIj0 TXdRLueyFvSU/6vBsL7gSuzzvu+EzFO/dcJF 4UXslJzPuBMwq9occcSVTHtm6yujW9LVesq qWXOQ/sHFSQr2ZUfsE1BojAkCIARwhJ2IeD hJ4ebFiIiesjI04Q8nScY4oSeVNScVI4xI7 pO6JdL2dD2quciXYzOsWnV5DTxAF5ItIJwuo 0U8dTnVmxv+XOdE51twn93TxXQKzEHbF/+W bK//pULRJDnOoaPKop1oyqjuVZUt0VdXPzS 1WSMsTEKTyguCDMtHPWZ1N7El276q2j429a qVi1Z7k2xbu6JQ3Y/jnOedCuVe3jau2yXmk c5aMuYg/7OKR5nqCBczTR0lU+4gnPxoUhjIm RfUqNQu7ZxbdlPHwAMWyRSg==</latexit>
  ⇡  2!b
<latexit sha1_base64 ="SHHg6tmqFYv1Z5IF4y8TZVy3aHU=">AAAC7X icjVHLSsNAFD3GV31XXboJFsGNJa2CLgu6cFnB PsBImaRjDSaZMJmIUvoL7tyJW3/Arf6G+Af6F9 4ZU1CL6IQkZ86958zce70kDFLlOK9j1vjE5NR0 YWZ2bn5hcam4vNJMRSZ93vBFKGTbYykPg5g3VK BC3k4kZ5EX8pZ3sa/jrUsu00DEx+o64acR68XBW eAzRVSnuOkqfqWMT1/y7qDvHvBQMZcliRRXW1V XRLzHOt6gUyw5ZccsexRUclBCvuqi+AIXXQj4y BCBI4YiHIIhpecEFThIiDtFnzhJKDBxjgFmSZt RFqcMRuwFfXu0O8nZmPbaMzVqn04J6ZWktLFBG kF5krA+zTbxzDhr9jfvvvHUd7umv5d7RcQqnBP7 l26Y+V+drkXhDHumhoBqSgyjq/Nzl8x0Rd/c/l KVIoeEOI27FJeEfaMc9tk2mtTUrnvLTPzNZGpW 7/08N8O7viUNuPJznKOgWS1XtsvVo51SrZqPuo A1rGOT5rmLGg5RR4O8b/CIJzxbwrq17qz7z1Rr LNes4tuyHj4AU4Wg3A==</latexit>
  ⇡  3!b
<latexit sha1_base64 ="89ZdyxHSx1UxPBT8WDnKQQ+1DSM=">AAAC+n icjVHLSsNAFD3G97vq0k2wCC40pK1Sl4IuXCpY FZpSJnGswSQTJhNRar/EnTtx6w+41Q8Q/0D/wj tjBB+ITkhy5tx7zsy910+jMFOu+9xn9Q8MDg2P jI6NT0xOTZdmZvczkcuANwIRCXnos4xHYcIbKl QRP0wlZ7Ef8QP/dFPHD864zEKR7KmLlLdi1knC4 zBgiqh2ac1T/FwZn6bs+K2u69Try65TW192e11 vi0eKeSxNpThfqXki5h3W9nvtUtl1XLPsn6BSg DKKtSNKT/BwBIEAOWJwJFCEIzBk9DRRgYuUuBa 6xElCoYlz9DBG2pyyOGUwYk/p26Fds2AT2mvPz KgDOiWiV5LSxiJpBOVJwvo028Rz46zZ37y7xlPf 7YL+fuEVE6twQuxfuo/M/+p0LQrHWDc1hFRTah hdXVC45KYr+ub2p6oUOaTEaXxEcUk4MMqPPttG k5nadW+Zib+YTM3qfVDk5njVt6QBV76P8yfYrz qVmlPdXS1vVItRj2AeC1iiedaxgW3soEHeV7jH Ax6tS+vaurFu31OtvkIzhy/LunsDqp2kNA==</ latexit>
  ⇡  4!b
<latexit sha1_base64 ="6OuK6QQEmufLvC4jMd7+aeZGy4w=">AAAC+n icjVFLTsMwFBzC/19gySaiQmIBVVrKb4cEC5Yg UUBqqsoJpkRN4shxEKj0JOzYIbZcgC0cAHEDuA XPJkh8hMBR7PG8N2M/Py8Jg1Q5znOP1dvXPzA4 NDwyOjY+MVmYmj5IRSZ9XvNFKOSRx1IeBjGvqU CF/CiRnEVeyA+99paOH55xmQYi3lcXCW9ErBUHJ 4HPFFHNwoqr+LkyPnXZ8hodZ9EpVVdpqmx0O+4 2DxVzWZJIcb5UdUXEW6zpdZuFolNyzLB/gnIOi sjHrig8wcUxBHxkiMARQxEOwZDSV0cZDhLiGug QJwkFJs7RxQhpM8rilMGIbdPcol09Z2Paa8/Uq H06JaRfktLGPGkE5UnC+jTbxDPjrNnfvDvGU9/t glYv94qIVTgl9i/dR+Z/dboWhROsmxoCqikxjK 7Oz10y8yr65vanqhQ5JMRpfExxSdg3yo93to0m NbXrt2Um/mIyNav3fp6b4VXfkhpc/t7On+CgUi ovlyp71eJmJW/1EGYxhwXq5xo2sYNd1Mj7Cvd4 wKN1aV1bN9bte6rVk2tm8GVYd2+ixKQx</late xit>
  ⇡  5!b
<latexit sha1_base64 ="PhqGZG4xDgIXe5jwrm+6eed+eoo=">AAAC93 icjVHLSsNAFD3Gd31VXboJFsGFlqQquhR04bKC VaEpZRLHGkwyYTIRS+l/uHMnbv0Bt/oH4h/oX3 hnjOAD0QlJzpx7zpm5M34ahZlynOcBa3BoeGR0 bLw0MTk1PVOenTvMRC4D3ghEJOSxzzIehQlvqF BF/DiVnMV+xI/88x1dP7rgMgtFcqC6KW/FrJOEp 2HAFFHtcs1T/FKZnKbs+K2es+JUnc0Vt9/zdnm kmMfSVIrL1Q1PxLzD2n6/Xa6QxAz7J3ALUEEx6 qL8BA8nEAiQIwZHAkU4AkNGTxMuHKTEtdAjThI KTZ2jjxJ5c1JxUjBiz+nboVmzYBOa68zMuANaJ aJXktPGEnkE6SRhvZpt6rlJ1uxv2T2TqffWpb9f ZMXEKpwR+5fvQ/lfn+5F4RRbpoeQekoNo7sLip TcnIreuf2pK0UJKXEan1BdEg6M8+OcbePJTO/6 bJmpvxilZvU8KLQ5XvUu6YLd79f5ExzWqu5atb a/XtmuFVc9hgUsYpnucxPb2EMdDcq+wj0e8Gh1 rWvrxrp9l1oDhWceX4Z19waZRqN5</latexit>
log10g
(2)
<latexit sha1_base64="JjSe/nFN7WTZ8uvoCokgnzMPlTE=">AAAC23icjVHLSsNAFD3G9zsquHETLELdlCQKuhTcuKxgq1BrSdJpDc 2LyUQoMSt34tYfcKv/I/6B/oV3xghqEZ2Q5My595yZe6+bBH4qTPNlTBufmJyanpmdm19YXFrWV1abaZxxjzW8OIj5meukLPAj1hC+CNhZwpkTugE7dQeHMn56xXjqx9GJGCasHTr9yO/5niOI6ujr+TkPjSDud3LLLAqjf5FX7e2io1fMmqmWMQqsElRQrnqsP+McXcTwkCEEQwRBO ICDlJ4WLJhIiGsjJ44T8lWcocAcaTPKYpThEDugb592rZKNaC89U6X26JSAXk5KA1ukiSmPE5anGSqeKWfJ/uadK095tyH93dIrJFbgkti/dJ+Z/9XJWgR62Fc1+FRTohhZnVe6ZKor8ubGl6oEOSTESdylOCfsKeVnnw2lSVXtsreOir+qTMnKvVfmZniTt6QBWz/HOQqads3aqdnH u5UDuxz1DDawiSrNcw8HOEIdDfK+xgMe8aS1tRvtVrv7SNXGSs0avi3t/h2JpZep</latexit>
0
<latexit sha1_base64="gshP3FC28AX3QXtnlw/5h91AdDo=">AAACxHicjVHLSsN AFD2Nr1pfVZdugkVwISWpgi4LgrhswT6gFknSaQ2dPJiZCKXoD7jVbxP/QP/CO2MKahGdkOTMufecmXuvn/JQKsd5LVgLi0vLK8XV0tr6xuZWeXunLZNMBKwVJDwRXd+TjIcxa 6lQcdZNBfMin7OOPz7X8c4dEzJM4is1SVk/8kZxOAwDTxHVdG7KFafqmGXPAzcHFeSrkZRfcI0BEgTIEIEhhiLM4UHS04MLBylxfUyJE4RCE2e4R4m0GWUxyvCIHdN3RLtezsa 0157SqAM6hdMrSGnjgDQJ5QnC+jTbxDPjrNnfvKfGU99tQn8/94qIVbgl9i/dLPO/Ol2LwhBnpoaQakoNo6sLcpfMdEXf3P5SlSKHlDiNBxQXhAOjnPXZNhppate99Uz8zWRq Vu+DPDfDu74lDdj9Oc550K5V3eNqrXlSqR/loy5iD/s4pHmeoo5LNNAy3o94wrN1YXFLWtlnqlXINbv4tqyHD7q9jyM=</latexit>
2<latexit sha1_base64="vuFdmoL+0yuyMdUfR+QeT9iFIeU=">AAACxHicjVHLSsN AFD2Nr1pfVZdugkVwISWpgi4LgrhswT6gFkmm0xo6eZBMhFL0B9zqt4l/oH/hnXEKahGdkOTMufecmXuvn4ggk47zWrAWFpeWV4qrpbX1jc2t8vZOO4vzlPEWi0Wcdn0v4yKIe EsGUvBuknIv9AXv+ONzFe/c8TQL4uhKThLeD71RFAwD5kmimrWbcsWpOnrZ88A1oAKzGnH5BdcYIAZDjhAcESRhAQ8ZPT24cJAQ18eUuJRQoOMc9yiRNqcsThkesWP6jmjXM2x Ee+WZaTWjUwS9KSltHJAmpryUsDrN1vFcOyv2N++p9lR3m9DfN14hsRK3xP6lm2X+V6dqkRjiTNcQUE2JZlR1zLjkuivq5vaXqiQ5JMQpPKB4Sphp5azPttZkunbVW0/H33Sm YtWemdwc7+qWNGD35zjnQbtWdY+rteZJpX5kRl3EHvZxSPM8RR2XaKClvR/xhGfrwhJWZuWfqVbBaHbxbVkPH799jyU=</latexit>
4<latexit sha1_base64="jT/YCRQLdh/A9+KHWSUqCnjc3ss=">AAACxHicjVHLSsN AFD2Nr1pfVZdugkVwISXRgi4LgrhswT6gFkmm0xqaF5OJUIr+gFv9NvEP9C+8M05BLaITkpw5954zc+/10zDIpOO8FqyFxaXlleJqaW19Y3OrvL3TzpJcMN5iSZiIru9lPAxi3 pKBDHk3FdyL/JB3/PG5infuuMiCJL6Sk5T3I28UB8OAeZKoZu2mXHGqjl72PHANqMCsRlJ+wTUGSMCQIwJHDEk4hIeMnh5cOEiJ62NKnCAU6DjHPUqkzSmLU4ZH7Ji+I9r1DBv TXnlmWs3olJBeQUobB6RJKE8QVqfZOp5rZ8X+5j3VnupuE/r7xisiVuKW2L90s8z/6lQtEkOc6RoCqinVjKqOGZdcd0Xd3P5SlSSHlDiFBxQXhJlWzvpsa02ma1e99XT8TWcq Vu2Zyc3xrm5JA3Z/jnMetI+r7kn1uFmr1I/MqIvYwz4OaZ6nqOMSDbS09yOe8GxdWKGVWflnqlUwml18W9bDB8Q9jyc=</latexit>
6
<latexit sha1_base64="H/Lql4sc4DvPz2FWsGsNaWNX2bI=">AAACxHicjVHLSsN AFD2Nr1pfVZdugkVwISVRUZcFQVy2YB9QiyTTaR2aF8lEKEV/wK1+m/gH+hfeGaegFtEJSc6ce8+Zuff6SSAy6TivBWtufmFxqbhcWlldW98ob261sjhPGW+yOIjTju9lPBARb 0ohA95JUu6FfsDb/uhcxdt3PM1EHF3JccJ7oTeMxEAwTxLVOLkpV5yqo5c9C1wDKjCrHpdfcI0+YjDkCMERQRIO4CGjpwsXDhLiepgQlxISOs5xjxJpc8rilOERO6LvkHZdw0a 0V56ZVjM6JaA3JaWNPdLElJcSVqfZOp5rZ8X+5j3RnupuY/r7xiskVuKW2L9008z/6lQtEgOc6RoE1ZRoRlXHjEuuu6Jubn+pSpJDQpzCfYqnhJlWTvtsa02ma1e99XT8TWcq Vu2Zyc3xrm5JA3Z/jnMWtA6r7lH1sHFcqR2YURexg13s0zxPUcMl6mhq70c84dm6sAIrs/LPVKtgNNv4tqyHD8j9jyk=</latexit>
6
<latexit sha1_base64="H/Lql4sc4DvPz2FWsGsNaWNX2bI=">AAACxHicjVHLSsN AFD2Nr1pfVZdugkVwISVRUZcFQVy2YB9QiyTTaR2aF8lEKEV/wK1+m/gH+hfeGaegFtEJSc6ce8+Zuff6SSAy6TivBWtufmFxqbhcWlldW98ob261sjhPGW+yOIjTju9lPBARb 0ohA95JUu6FfsDb/uhcxdt3PM1EHF3JccJ7oTeMxEAwTxLVOLkpV5yqo5c9C1wDKjCrHpdfcI0+YjDkCMERQRIO4CGjpwsXDhLiepgQlxISOs5xjxJpc8rilOERO6LvkHZdw0a 0V56ZVjM6JaA3JaWNPdLElJcSVqfZOp5rZ8X+5j3RnupuY/r7xiskVuKW2L9008z/6lQtEgOc6RoE1ZRoRlXHjEuuu6Jubn+pSpJDQpzCfYqnhJlWTvtsa02ma1e99XT8TWcq Vu2Zyc3xrm5JA3Z/jnMWtA6r7lH1sHFcqR2YURexg13s0zxPUcMl6mhq70c84dm6sAIrs/LPVKtgNNv4tqyHD8j9jyk=</latexit>
8
<latexit sha1_base64="n7Lsf4OszyV0bv6JpW81wkyWad4=">AAACxHicjVHLSsN AFD2Nr1pfVZdugkVwISVRwS4LgrhswT6gFknSaR2aFzMToRT9Abf6beIf6F94Z0xBLaITkpw5954zc+/105BL5TivBWthcWl5pbhaWlvf2Nwqb++0ZZKJgLWCJExE1/ckC3nMW oqrkHVTwbzID1nHH5/reOeOCcmT+EpNUtaPvFHMhzzwFFHN2k254lQds+x54Oaggnw1kvILrjFAggAZIjDEUIRDeJD09ODCQUpcH1PiBCFu4gz3KJE2oyxGGR6xY/qOaNfL2Zj 22lMadUCnhPQKUto4IE1CeYKwPs028cw4a/Y376nx1Heb0N/PvSJiFW6J/Us3y/yvTteiMETN1MCpptQwurogd8lMV/TN7S9VKXJIidN4QHFBODDKWZ9to5Gmdt1bz8TfTKZm 9T7IczO861vSgN2f45wH7eOqe1I9bp5W6kf5qIvYwz4OaZ5nqOMSDbSM9yOe8GxdWKElrewz1Srkml18W9bDB829jys=</latexit>
8
<latexit sha1_base64="n7Lsf4OszyV0bv6JpW81wkyWad4=">AAACxHicjVHLSsN AFD2Nr1pfVZdugkVwISVRwS4LgrhswT6gFknSaR2aFzMToRT9Abf6beIf6F94Z0xBLaITkpw5954zc+/105BL5TivBWthcWl5pbhaWlvf2Nwqb++0ZZKJgLWCJExE1/ckC3nMW oqrkHVTwbzID1nHH5/reOeOCcmT+EpNUtaPvFHMhzzwFFHN2k254lQds+x54Oaggnw1kvILrjFAggAZIjDEUIRDeJD09ODCQUpcH1PiBCFu4gz3KJE2oyxGGR6xY/qOaNfL2Zj 22lMadUCnhPQKUto4IE1CeYKwPs028cw4a/Y376nx1Heb0N/PvSJiFW6J/Us3y/yvTteiMETN1MCpptQwurogd8lMV/TN7S9VKXJIidN4QHFBODDKWZ9to5Gmdt1bz8TfTKZm 9T7IczO861vSgN2f45wH7eOqe1I9bp5W6kf5qIvYwz4OaZ5nqOMSDbSM9yOe8GxdWKElrewz1Srkml18W9bDB829jys=</latexit>
2<latexit sha1_base64="vuFdmoL+0yuyMdUfR+QeT9iFIeU=">AAACxHicjVHLSsN AFD2Nr1pfVZdugkVwISWpgi4LgrhswT6gFkmm0xo6eZBMhFL0B9zqt4l/oH/hnXEKahGdkOTMufecmXuvn4ggk47zWrAWFpeWV4qrpbX1jc2t8vZOO4vzlPEWi0Wcdn0v4yKIe EsGUvBuknIv9AXv+ONzFe/c8TQL4uhKThLeD71RFAwD5kmimrWbcsWpOnrZ88A1oAKzGnH5BdcYIAZDjhAcESRhAQ8ZPT24cJAQ18eUuJRQoOMc9yiRNqcsThkesWP6jmjXM2x Ee+WZaTWjUwS9KSltHJAmpryUsDrN1vFcOyv2N++p9lR3m9DfN14hsRK3xP6lm2X+V6dqkRjiTNcQUE2JZlR1zLjkuivq5vaXqiQ5JMQpPKB4Sphp5azPttZkunbVW0/H33Sm YtWemdwc7+qWNGD35zjnQbtWdY+rteZJpX5kRl3EHvZxSPM8RR2XaKClvR/xhGfrwhJWZuWfqVbBaHbxbVkPH799jyU=</latexit>
0
<latexit sha1_base64="gshP3FC28AX3QXtnlw/5h91AdDo=">AAACxHicjVHLSsN AFD2Nr1pfVZdugkVwISWpgi4LgrhswT6gFknSaQ2dPJiZCKXoD7jVbxP/QP/CO2MKahGdkOTMufecmXuvn/JQKsd5LVgLi0vLK8XV0tr6xuZWeXunLZNMBKwVJDwRXd+TjIcxa 6lQcdZNBfMin7OOPz7X8c4dEzJM4is1SVk/8kZxOAwDTxHVdG7KFafqmGXPAzcHFeSrkZRfcI0BEgTIEIEhhiLM4UHS04MLBylxfUyJE4RCE2e4R4m0GWUxyvCIHdN3RLtezsa 0157SqAM6hdMrSGnjgDQJ5QnC+jTbxDPjrNnfvKfGU99tQn8/94qIVbgl9i/dLPO/Ol2LwhBnpoaQakoNo6sLcpfMdEXf3P5SlSKHlDiNBxQXhAOjnPXZNhppate99Uz8zWRq Vu+DPDfDu74lDdj9Oc550K5V3eNqrXlSqR/loy5iD/s4pHmeoo5LNNAy3o94wrN1YXFLWtlnqlXINbv4tqyHD7q9jyM=</latexit>
4<latexit sha1_base64="jT/YCRQLdh/A9+KHWSUqCnjc3ss=">AAACxHicjVHLSsN AFD2Nr1pfVZdugkVwISXRgi4LgrhswT6gFkmm0xqaF5OJUIr+gFv9NvEP9C+8M05BLaITkpw5954zc+/10zDIpOO8FqyFxaXlleJqaW19Y3OrvL3TzpJcMN5iSZiIru9lPAxi3 pKBDHk3FdyL/JB3/PG5infuuMiCJL6Sk5T3I28UB8OAeZKoZu2mXHGqjl72PHANqMCsRlJ+wTUGSMCQIwJHDEk4hIeMnh5cOEiJ62NKnCAU6DjHPUqkzSmLU4ZH7Ji+I9r1DBv TXnlmWs3olJBeQUobB6RJKE8QVqfZOp5rZ8X+5j3VnupuE/r7xisiVuKW2L90s8z/6lQtEkOc6RoCqinVjKqOGZdcd0Xd3P5SlSSHlDiFBxQXhJlWzvpsa02ma1e99XT8TWcq Vu2Zyc3xrm5JA3Z/jnMetI+r7kn1uFmr1I/MqIvYwz4OaZ6nqOMSDbS09yOe8GxdWKGVWflnqlUwml18W9bDB8Q9jyc=</latexit>
log10g
(2)
<latexit sha1_base64="JjSe/nFN7WTZ8uvoCokgnzMPlTE=">AAAC23icjVHLSsNAFD3G9zsquHETLELdlCQKuhTcuKxgq1BrSdJpDc 2LyUQoMSt34tYfcKv/I/6B/oV3xghqEZ2Q5My595yZe6+bBH4qTPNlTBufmJyanpmdm19YXFrWV1abaZxxjzW8OIj5meukLPAj1hC+CNhZwpkTugE7dQeHMn56xXjqx9GJGCasHTr9yO/5niOI6ujr+TkPjSDud3LLLAqjf5FX7e2io1fMmqmWMQqsElRQrnqsP+McXcTwkCEEQwRBO ICDlJ4WLJhIiGsjJ44T8lWcocAcaTPKYpThEDugb592rZKNaC89U6X26JSAXk5KA1ukiSmPE5anGSqeKWfJ/uadK095tyH93dIrJFbgkti/dJ+Z/9XJWgR62Fc1+FRTohhZnVe6ZKor8ubGl6oEOSTESdylOCfsKeVnnw2lSVXtsreOir+qTMnKvVfmZniTt6QBWz/HOQqads3aqdnH u5UDuxz1DDawiSrNcw8HOEIdDfK+xgMe8aS1tRvtVrv7SNXGSs0avi3t/h2JpZep</latexit>g
(n
)
<latexit sha1_base64="QYfx+Zqp74ytK8WaDes6BwN3cpc="></latexit>
 /!b
<latexit sha1_base64="n4k9NljIOcoWj RBZbomQ92qqapM=">AAAC1HicjVHLSsNAFD2Nr1ofjbp0EyyCq5pUQZdFXbisYB/QljJJ pzU0L5KJUKorcesPuNVvEv9A/8I7YwpqEZ2Q5My559yZe68deW4iTPM1p83NLywu5ZcL K6tr60V9Y7ORhGns8LoTemHcslnCPTfgdeEKj7eimDPf9njTHp3KePOax4kbBpdiHPGuz 4aBO3AdJojq6cXOGfcE2++EPh+ynt3TS2bZVMuYBVYGSshWLdRf0EEfIRyk8MERQBD2wJ DQ04YFExFxXUyIiwm5Ks5xiwJ5U1JxUjBiR/Qd0q6dsQHtZc5EuR06xaM3JqeBXfKEpI sJy9MMFU9VZsn+lnuicsq7jelvZ7l8YgWuiP3LN1X+1ydrERjgWNXgUk2RYmR1TpYlVV2 RNze+VCUoQ0ScxH2Kx4Qd5Zz22VCeRNUue8tU/E0pJSv3TqZN8S5vSQO2fo5zFjQqZeug XLk4LFVPslHnsY0d7NE8j1DFOWqoq5k/4gnPWkO70e60+0+plss8W/i2tIcPamiVYQ==< /latexit>
n
<latexit sha1_base64="JXWi8P49x5l5sz+AT VADFPQiSYU=">AAACxHicjVHLSsNAFD2Nr1pfVZdugkVwVZIq2GVBEJct2AfUIsl0WkMnDzIToRT 9Abf6beIf6F94Z0xBLaITkpw5954zc+/1ExFI5TivBWtpeWV1rbhe2tjc2t4p7+51ZJyljLdZLOK 053uSiyDibRUowXtJyr3QF7zrT851vHvHUxnE0ZWaJnwQeuMoGAXMU0S1optyxak6ZtmLwM1BBflq xuUXXGOIGAwZQnBEUIQFPEh6+nDhICFugBlxKaHAxDnuUSJtRlmcMjxiJ/Qd066fsxHttac0akan CHpTUto4Ik1MeSlhfZpt4plx1uxv3jPjqe82pb+fe4XEKtwS+5dunvlfna5FYYS6qSGgmhLD6OpY 7pKZruib21+qUuSQEKfxkOIpYWaU8z7bRiNN7bq3nom/mUzN6j3LczO861vSgN2f41wEnVrVPanWW qeVRj0fdREHOMQxzfMMDVyiibbxfsQTnq0LS1jSyj5TrUKu2ce3ZT18AFGoj20=</latexit>
(a)
<latexit sha1_base64 ="bk4lzL0Z9qy+vyOlmGwS0htMGYo=">AAACy3ic jVHLSsNAFD3GV62vqks3wSLUTUmqYJcFN26ECvYB bZEkndbQvJiZCLV26Q+41f8S/0D/wjtjCmoRnZD kzLnn3Jl7r5sEvpCW9bpgLC4tr6zm1vLrG5tb24W d3aaIU+6xhhcHMW+7jmCBH7GG9GXA2glnTugGrOW OzlS8dcu48OPoSo4T1gudYeQPfM+RRLUnXR6WnK PpdaFolS29zHlgZ6CIbNXjwgu66COGhxQhGCJIwg EcCHo6sGEhIa6HCXGckK/jDFPkyZuSipHCIXZE3 yHtOhkb0V7lFNrt0SkBvZycJg7JE5OOE1anmTqe6 syK/S33ROdUdxvT381yhcRK3BD7l2+m/K9P1SIxQ FXX4FNNiWZUdV6WJdVdUTc3v1QlKUNCnMJ9inPC nnbO+mxqj9C1q946Ov6mlYpVey/TpnhXt6QB2z/H OQ+albJ9XK5cnhRr1WzUOezjACWa5ylqOEcdDT3H Rzzh2bgwhHFn3H9KjYXMs4dvy3j4AD/xkio=</l atexit>
(b)
<latexit sha1_base64="ei17UkPfAwYmQv8tFE T+1df/b+0=">AAACy3icjVHLSsNAFD3GV62vqks3wSLUTUmqYJcFN26ECvYBbZEkndbQvJiZCLV26Q+ 41f8S/0D/wjtjCmoRnZDkzLnn3Jl7r5sEvpCW9bpgLC4tr6zm1vLrG5tb24Wd3aaIU+6xhhcHMW+7jm CBH7GG9GXA2glnTugGrOWOzlS8dcu48OPoSo4T1gudYeQPfM+RRLUnXR6W3KPpdaFolS29zHlgZ6CIbN Xjwgu66COGhxQhGCJIwgEcCHo6sGEhIa6HCXGckK/jDFPkyZuSipHCIXZE3yHtOhkb0V7lFNrt0SkBv ZycJg7JE5OOE1anmTqe6syK/S33ROdUdxvT381yhcRK3BD7l2+m/K9P1SIxQFXX4FNNiWZUdV6WJdVd UTc3v1QlKUNCnMJ9inPCnnbO+mxqj9C1q946Ov6mlYpVey/TpnhXt6QB2z/HOQ+albJ9XK5cnhRr1Wz UOezjACWa5ylqOEcdDT3HRzzh2bgwhHFn3H9KjYXMs4dvy3j4AEJTkis=</latexit>
(c)
<latexit sha1_base64="lFs6jXq+y3wTgNaoru zkVoi8l30=">AAACy3icjVHLSsNAFD3GV62vqks3wSLUTUmqYJcFN26ECvYBbZFkOq2heTGZCLV26Q+4 1f8S/0D/wjtjCmoRnZDkzLnn3Jl7rxv7XiIt63XBWFxaXlnNreXXNza3tgs7u80kSgXjDRb5kWi7TsJ 9L+QN6Umft2PBncD1ecsdnal465aLxIvCKzmOeS9whqE38JgjiWpPuiIosaPpdaFolS29zHlgZ6CIbNW jwgu66CMCQ4oAHCEkYR8OEno6sGEhJq6HCXGCkKfjHFPkyZuSipPCIXZE3yHtOhkb0l7lTLSb0Sk+vY KcJg7JE5FOEFanmTqe6syK/S33ROdUdxvT381yBcRK3BD7l2+m/K9P1SIxQFXX4FFNsWZUdSzLkuquqJ ubX6qSlCEmTuE+xQVhpp2zPpvak+jaVW8dHX/TSsWqPcu0Kd7VLWnA9s9xzoNmpWwflyuXJ8VaNRt1D vs4QInmeYoazlFHQ8/xEU94Ni6MxLgz7j+lxkLm2cO3ZTx8AES1kiw=</latexit>
 
2
( 
)
<latexit sha1_base64="g0w6x+6KC5jKYL88Ny+Qgm/N00o="></latexit>
 
3
( 
)
<latexit sha1_base64="7WQdu0lu65a6K5tbKPkLwfb84Nk="></latexit>
 
5
( 
)
<latexit sha1_base64="kEofnUxtc1q1mXnCpHdTWVrg+sY=">AAAC1nicjVHLTsJAFD3UF+ILdOmmkZjghhTU6JJEFy4xkUcChEzLgA1D27RTDSG6M279Abf6ScY/0L/wzlgSlRidpu2Zc+85M/deOxBuJC3rNWXMzS8sLqWXMyura+sb2dxmPfLj0OE1xxd+2LRZxIXr8Zp0peDNIORsZAvesIcnKt644mHk +t6FHAe8M2IDz+27DpNEdbO59ikXknUPC21Bqh7b62bzVtHSy5wFpQTkkayqn31BGz34cBBjBA4PkrAAQ0RPCyVYCIjrYEJcSMjVcY4bZEgbUxanDEbskL4D2rUS1qO98oy02qFTBL0hKU3sksanvJCwOs3U8Vg7K/Y374n2VHcb099OvEbESlwS+5dumvlfnapFoo9jXYNLNQWaUdU5iUusu6Jubn6pSpJDQJzCPYqHhB2tnPbZ1JpI1656y3T8TWcqVu2dJDfGu7olDbj0c5yzoF4ulvaL5fODfMVKRp3GNnZQoHkeoYIzVFEj72s84gnPRtO4Ne6M+89UI5VotvBtGQ8fcZeVsA==</latexit>
 
1
( 
)
<latexit sha1_base64="QA+c908PLfbAqWmEIKMuQceEVx4="></latexit>
 
4
( 
)
<latexit sha1_base64="oo42moEKgYpXby9czn1tPmGzrQc="></latexit>
 
4
(⌦
)
<latexit sha1_base64="1f8yHd4G9J+bnCKUGQE6AQoiODE="></latexit>
 
1
(⌦
)
<latexit sha1_base64="IP3noC2PSjfSeIh9cGA86C8B5cM="></latexit>
 
2
(⌦
)
<latexit sha1_base64="95ICeJk/CO9ONSDonTjl5c6FPSY="></latexit>
 
3
(⌦
)
<latexit sha1_base64="i1hEJRuTi3zrSfOEY9+fth9pBFg="></latexit>
 
5
(⌦
)
<latexit sha1_base64="AUJcvvmNAuCuvXVzpeCTZ9SnSz4="></latexit>
 
6
( 
)
<latexit sha1_base64="4vFJ/fxQZBAzlu0cJYUIOHwF0z4=">AAAC1nicjVH LTsJAFD3UF+ILdOmmkZjghhQ06pJEFy4xkUcChEzLgA1D27RTDSG6M279Abf6ScY/0L/wzlgSlRidpu2Zc+85M/deOxBuJC3rNWXMzS8sLqWXMyura+sb2dxmPfLj 0OE1xxd+2LRZxIXr8Zp0peDNIORsZAvesIcnKt644mHk+t6FHAe8M2IDz+27DpNEdbO59ikXknUPC21Bqh7b62bzVtHSy5wFpQTkkayqn31BGz34cBBjBA4PkrAAQ 0RPCyVYCIjrYEJcSMjVcY4bZEgbUxanDEbskL4D2rUS1qO98oy02qFTBL0hKU3sksanvJCwOs3U8Vg7K/Y374n2VHcb099OvEbESlwS+5dumvlfnapFoo9jXYNLNQ WaUdU5iUusu6Jubn6pSpJDQJzCPYqHhB2tnPbZ1JpI1656y3T8TWcqVu2dJDfGu7olDbj0c5yzoF4ulvaL5fODfMVKRp3GNnZQoHkeoYIzVFEj72s84gnPRtO4Ne 6M+89UI5VotvBtGQ8fdACVsQ==</latexit>
FIG. 3: (a) Equal-time nth-order correlation functions g(n)
as a function of ∆/ωb. (b)–(c) Correlation function g
(2) for
different λ/ωb (b) and Ω/ωb (c). The dashed lines indicate
the n-phonon resonances ∆ = −nωb, ∆ = ∆n(λ), and ∆ =
∆n(Ω). System parameters are (a) λ/ωb = 0.03, Ω/ωb =
0.003, (b) Ω/ωb = 0.003, (c) λ/ωb = 0.03, and κ/ωb = 0.002
and γ/ωb = 0.0004 for panels (a)–(c).
n-phonon anti-Stokes resonances at ∆ = ∆n(λ) =
λ2/ωb − nωb, as shown in Fig. 1(c), with the product
state |n, c〉 being replaced by the displaced state |n˜, c〉 =
D†|n, c〉. The two-phonon assisted anti-Stokes transition
rate becomes Ω
(2)
eff = Ωe
−λ/2ωb(λ/ωb)2/
√
2 [64].
Third, in the parameter regime Ω ∼ ωb, strong driving
by the laser dresses the QD, and forms a Mollow ladder of
manifolds, separated by the energy of the laser. As shown
in Fig. 1(d), each manifold consists of many equidistant
dressed states |n,±〉, which is different from the usual
Mollow ladder in the optical cQED systems [66–69]. The
dressed eigenstates of the QD are |+〉 = c+|v〉 + c−|c〉
and |−〉 = c−|v〉 − c+|c〉, where c+ and c− are functions
of Ω and ∆, with corresponding eigenvalues E|n,±〉 =
nωb + ∆/2 ±
√
∆2 + 4Ω2/2. In this regime, n-phonon
assisted anti-Stokes resonances can still be realized. This
occurs when the laser drives the transition |+〉 ↔ |−〉,
at ∆ = ∆n(Ω) = −
√
(nωb)2 − 4Ω2. The corresponding
two-phonon assisted transition rate in this regime is
Ω
(2)
eff = −
√
2c+c−λ2(∆2c2− − ωb + 2Ωc+c−)/[ωb(ωb +
∆2c
2
+−4Ωc+c−−∆2c2−)− (Ωc2+ +∆2c+c−−Ωc2−)2] with
c± =
√
2Ω2/(∆22 + 4Ω
2 ±∆2
√
∆22 + 4Ω
2) [64].
We illustrate the above discussion in Fig. 2, where
we present the essentially perfect anti-Stokes super-Rabi
oscillations |0, v〉 ↔ |n, c〉, |0, v〉 ↔ |n˜, c〉, and
|0,+〉 ↔ |n,−〉, in absence of dissipation. This shows
that, in these three different regimes, the two- and
three-phonon states are periodically generated with high
fidelity, thanks to the anti-Stokes processes. This
is the basic mechanism for the high-purity n-phonon
bundle emission. Comparing Figs. 2(a) and 2(b,c),
     
 
 
 
     
 
 
 
     
 
 
 
 
 
   
 
   
 
       
   
 
   
 
       
   
 
  
 
        
 
 
 
P0v
<latexit sha1_base64="17RjbucJ6Pi78Jc6Alqpyn4wU+0=">AAAC3HicjVHLSsNAFD2 Nr1pfURcu3ASL4KqktaDLghuXFewD2lqSdFpD0yRMJsUSunMnbv0Bt/o94h/oX3hnTEEtohOSnDn3njP3zrVDz42Eab5mtIXFpeWV7GpubX1jc0vf3qlHQcwdVnMCL+BN24qY5/qsJlzh sWbImTWyPdawh2cy3hgzHrmBfykmIeuMrIHv9l3HEkR19b22YDdC+SSc9aZJtZuY4+m0q+fNgqmWMQ+KKcgjXdVAf0EbPQRwEGMEBh+CsAcLET0tFGEiJK6DhDhOyFVxhilypI0pi1GGRe yQvgPatVLWp730jJTaoVM8ejkpDRySJqA8TlieZqh4rJwl+5t3ojxlbRP626nXiFiBa2L/0s0y/6uTvQj0cap6cKmnUDGyOyd1idWtyMqNL10JcgiJk7hHcU7YUcrZPRtKE6ne5d1aKv6 mMiUr906aG+NdVkkDLv4c5zyolwrF40LpopyvlNNRZ7GPAxzRPE9QwTmqqKn6H/GEZ+1Ku9XutPvPVC2TanbxbWkPH6BxmcA=</latexit>
P0c
<latexit sha1_base64="mu1sN4s+fu7zP/BSzsosbvZJNno=">AAAC3nicjVHLSsNAFD2 Nr1pfUVfiJlgEVyWtBV0W3LisYB/QlppMpzU0TUIyEUso7tyJW3/ArX6O+Af6F94ZU1CL6IQkZ86958zce+3AdSJhmq8ZbW5+YXEpu5xbWV1b39A3t+qRH4eM15jv+mHTtiLuOh6vCUe4 vBmE3BrZLm/YwxMZb1zxMHJ871yMA94ZWQPP6TvMEkR19Z224NdC+SS2a7HhJKl2E5NNJl09bxZMtYxZUExBHumq+voL2ujBB0OMETg8CMIuLET0tFCEiYC4DhLiQkKOinNMkCNtTFmcMi xih/Qd0K6Vsh7tpWek1IxOcekNSWlgnzQ+5YWE5WmGisfKWbK/eSfKU95tTH879RoRK3BJ7F+6aeZ/dbIWgT6OVQ0O1RQoRlbHUpdYdUXe3PhSlSCHgDiJexQPCTOlnPbZUJpI1S57a6n 4m8qUrNyzNDfGu7wlDbj4c5yzoF4qFA8LpbNyvlJOR53FLvZwQPM8QgWnqKJG3jd4xBOetQvtVrvT7j9TtUyq2ca3pT18AJ8RmoM=</latexit>
P1c
<latexit sha1_base64="VmEQ8MGDJOmy07zF0iQUD4tRs2k=">AAAC3nicjVHLSsNAFD2 Nr1pfVVfiJlgEVyWpBV0W3LisYB/QlppMpzU0TUIyEUso7tyJW3/ArX6O+Af6F94ZU1CL6IQkZ86958zce+3AdSJhGK8ZbW5+YXEpu5xbWV1b38hvbtUjPw4ZrzHf9cOmbUXcdTxeE45w eTMIuTWyXd6whycy3rjiYeT43rkYB7wzsgae03eYJYjq5nfagl8L5ZPYrsWGk6TaTUw2mXTzBaNoqKXPAjMFBaSr6udf0EYPPhhijMDhQRB2YSGipwUTBgLiOkiICwk5Ks4xQY60MWVxyr CIHdJ3QLtWynq0l56RUjM6xaU3JKWOfdL4lBcSlqfpKh4rZ8n+5p0oT3m3Mf3t1GtErMAlsX/pppn/1claBPo4VjU4VFOgGFkdS11i1RV5c/1LVYIcAuIk7lE8JMyUctpnXWkiVbvsraX ibypTsnLP0twY7/KWNGDz5zhnQb1UNA+LpbNyoVJOR53FLvZwQPM8QgWnqKJG3jd4xBOetQvtVrvT7j9TtUyq2ca3pT18AKF0moQ=</latexit>
P2c
<latexit sha1_base64="jdGviUezyFi1dphZxETaZPD7fas=">AAAC3nicjVHLSsNAFD2 Nr1pfUVfiJlgEVyWtBV0W3LisYB/QlppMpzU0TUIyEUso7tyJW3/ArX6O+Af6F94ZU1CL6IQkZ86958zce+3AdSJhmq8ZbW5+YXEpu5xbWV1b39A3t+qRH4eM15jv+mHTtiLuOh6vCUe4 vBmE3BrZLm/YwxMZb1zxMHJ871yMA94ZWQPP6TvMEkR19Z224NdC+SS2a7HhJKl2kxKbTLp63iyYahmzoJiCPNJV9fUXtNGDD4YYI3B4EIRdWIjoaaEIEwFxHSTEhYQcFeeYIEfamLI4ZV jEDuk7oF0rZT3aS89IqRmd4tIbktLAPml8ygsJy9MMFY+Vs2R/806Up7zbmP526jUiVuCS2L9008z/6mQtAn0cqxocqilQjKyOpS6x6oq8ufGlKkEOAXES9ygeEmZKOe2zoTSRql321lL xN5UpWblnaW6Md3lLGnDx5zhnQb1UKB4WSmflfKWcjjqLXezhgOZ5hApOUUWNvG/wiCc8axfarXan3X+maplUs41vS3v4AKPXmoU=</latexit>
P1v
<latexit sha1_base64="aMp9RPAZyEMlH14MQcF0jnM882c=">AAAC6XicjVHLSsNAFD2 Nr1pfUZduglVwISVpi7oU3LisYLXQlpLEsYamSZhMihLyA+7ciVt/wK3+iPgH+hfemUbwgeiEzJw5954zc+c6ke/FwjRfCtrE5NT0THG2NDe/sLikL6+cxGHCXdZ0Qz/kLceOme8FrCk8 4bNWxJk9dHx26gwOZPx0xHjshcGxuIpYd2j3A+/cc21BVE/f6Ah2KZRPm/edbmpWajvb4ylLG73UGmVZTy+bFVMN4yewclBGPhqh/owOzhDCRYIhGAIIwj5sxPS1YcFERFwXKXGckKfiDB lKpE0oi1GGTeyA5j7t2jkb0F56xkrt0ik+/ZyUBjZJE1IeJyxPM1Q8Uc6S/c07VZ7yble0OrnXkFiBC2L/0n1k/lcnaxE4x56qwaOaIsXI6tzcJVGvIm9ufKpKkENEnMRnFOeEXaX8eGd DaWJVu3xbW8VfVaZk5d7NcxO8yVtSg63v7fwJTqoVq1apHtXL+/W81UWsYR1b1M9d7OMQDTTJ+xoPeMSTNtButFvtbpyqFXLNKr4M7f4dtJqdEQ==</latexit>
P2v
<latexit sha1_base64="ia101cr+drK2ILqnv3ebdidhdcg=">AAAC63icjVHLSsNAFD2Nr1pfVZdugkVxISWtSl0W3LisYB/QlpKk0xqaF5OJWEL/wJ07cesPuNX/EP9A/8I7YwS1iE 7IzJlz7zkzd64Vuk4kDOMlo83Mzs0vZBdzS8srq2v59Y1GFMTcZnU7cAPessyIuY7P6sIRLmuFnJme5bKmNTqR8eYl45ET+OdiHLKuZw59Z+DYpiCql9/tCHYllE+bD61uYhSNfaNYOVLTJKn1kvLlZNLLFyighj4NSikoIB21IP+MDvoIYCOGBwYfgrALExF9bZRgICSui4Q4TshRcYYJcqSNKYtRhknsiOYh7dop69NeekZKbdMpLv2clDp2SBNQHicsT9NVPFbOkv3NO1Ge8m5j Wq3UyyNW4ILYv3Sfmf/VyVoEBjhWNThUU6gYWZ2dusTqVeTN9S9VCXIIiZO4T3FO2FbKz3fWlSZStcu3NVX8VWVKVu7tNDfGm7wlNbj0s53ToFEulg6K5bPDQvUwbXUWW9jGHvWzgipOUUOdvK/xgEc8aZ52o91qdx+pWibVbOLb0O7fAQXknYo=</latexit>
1000
<latexit sha1_base64="0gj5e+iIgK8BAkvsD+JmZYtkLlk=">AAACx3icjVHLSsNAFD2 Nr1pfVZdugkVwVZIq6LLgRncVbCvUIsl02oYmmTCZFEtx4Q+41T8T/0D/wjtjCmoRnZDkzLn3nJl7r5+EQaoc57VgLSwuLa8UV0tr6xubW+XtnVYqMsl4k4lQyGvfS3kYxLypAhXy60Ry L/JD3vZHZzreHnOZBiK+UpOEdyNvEAf9gHlKU67jOLflilN1zLLngZuDCvLVEOUX3KAHAYYMEThiKMIhPKT0dODCQUJcF1PiJKHAxDnuUSJtRlmcMjxiR/Qd0K6TszHttWdq1IxOCemVpL RxQBpBeZKwPs028cw4a/Y376nx1Heb0N/PvSJiFYbE/qWbZf5Xp2tR6OPU1BBQTYlhdHUsd8lMV/TN7S9VKXJIiNO4R3FJmBnlrM+20aSmdt1bz8TfTKZm9Z7luRne9S1pwO7Pcc6DVq3 qHlVrl8eVei0fdRF72MchzfMEdZyjgSZ5D/GIJzxbF5awxtbdZ6pVyDW7+Lashw+Hco/Y</latexit>
0
<latexit sha1_base64="8+uwRsGeRpgxOJ0vD6TjxdG7abs=">AAACxHicjVHLSsNAFD2 Nr1pfVZdugkVwVZIq6LIgiMsWbC3UIsl0WodOk5BMhFL0B9zqt4l/oH/hnXEKahGdkOTMufecmXtvmEiRKc97LTgLi0vLK8XV0tr6xuZWeXunncV5yniLxTJOO2GQcSki3lJCSd5JUh6M Q8mvwtGZjl/d8TQTcXSpJgnvjYNhJAaCBYqopndTrnhVzyx3HvgWVGBXIy6/4Bp9xGDIMQZHBEVYIkBGTxc+PCTE9TAlLiUkTJzjHiXS5pTFKSMgdkTfIe26lo1orz0zo2Z0iqQ3JaWLA9 LElJcS1qe5Jp4bZ83+5j01nvpuE/qH1mtMrMItsX/pZpn/1elaFAY4NTUIqikxjK6OWZfcdEXf3P1SlSKHhDiN+xRPCTOjnPXZNZrM1K57G5j4m8nUrN4zm5vjXd+SBuz/HOc8aNeq/lG 11jyu1Gt21EXsYR+HNM8T1HGBBlrG+xFPeHbOHelkTv6Z6hSsZhfflvPwAbyLjyk=</latexit>
2000
<latexit sha1_base64="vfgAbrniP0dcB/tW/oQKNAqphF0=">AAACx3icjVHLSsNAFD2 Nr1pfVZdugkVwVZIq6LLgRncVbCvUIsl02g7Ni2RSLMWFP+BW/0z8A/0L74xTUIvohCRnzr3nzNx7/SQQmXSc14K1sLi0vFJcLa2tb2xulbd3Wlmcp4w3WRzE6bXvZTwQEW9KIQN+naTc C/2At/3RmYq3xzzNRBxdyUnCu6E3iERfME8qquY4zm254lQdvex54BpQgVmNuPyCG/QQgyFHCI4IknAADxk9HbhwkBDXxZS4lJDQcY57lEibUxanDI/YEX0HtOsYNqK98sy0mtEpAb0pKW 0ckCamvJSwOs3W8Vw7K/Y376n2VHeb0N83XiGxEkNi/9LNMv+rU7VI9HGqaxBUU6IZVR0zLrnuirq5/aUqSQ4JcQr3KJ4SZlo567OtNZmuXfXW0/E3nalYtWcmN8e7uiUN2P05znnQqlX do2rt8rhSr5lRF7GHfRzSPE9QxzkaaJL3EI94wrN1YcXW2Lr7TLUKRrOLb8t6+ACJ1Y/Z</latexit>
4000
<latexit sha1_base64="qQ36J6p2uHeJDJinxbbmFd+wjpo=">AAACx3icjVHLSsNAFD2Nr1pfVZdugkVwVZJa0GXBje4q2AfUIsl02g5NkzCZFEtx4Q+41T8T/0D/wjtjCmoRnZDkzL n3nJl7rx8HIlGO85qzlpZXVtfy64WNza3tneLuXjOJUsl4g0VBJNu+l/BAhLyhhAp4O5bcG/sBb/mjcx1vTbhMRBReq2nMu2NvEIq+YJ7SVNVxnNtiySk7ZtmLwM1ACdmqR8UX3KCHCAwpxuAIoQgH8JDQ04ELBzFxXcyIk4SEiXPco0DalLI4ZXjEjug7oF0nY0Paa8/EqBmdEtArSWnjiDQR5UnC+jTbxFPjrNnfvGfGU99tSn8/8xoTqzAk9i/dPPO/Ol2LQh9npgZBNcWG0dWx zCU1XdE3t79UpcghJk7jHsUlYWaU8z7bRpOY2nVvPRN/M5ma1XuW5aZ417ekAbs/x7kImpWye1KuXFVLtUo26jwOcIhjmucparhAHQ3yHuIRT3i2Lq3Imlh3n6lWLtPs49uyHj4AjpuP2w==</latexit>
3000
<latexit sha1_base64="LfYxpGNNIXYT3l8gN5yAzNMDlUk=">AAACx3icjVHLSsNAFD2 Nr1pfVZdugkVwVZJW0GXBje4q2AfUIsl02g5Nk5BMiqW48Afc6p+Jf6B/4Z1xCmoRnZDkzLn3nJl7rx8HIpWO85qzlpZXVtfy64WNza3tneLuXjONsoTxBouCKGn7XsoDEfKGFDLg7Tjh 3tgPeMsfnat4a8KTVEThtZzGvDv2BqHoC+ZJRVUdx7ktlpyyo5e9CFwDSjCrHhVfcIMeIjBkGIMjhCQcwENKTwcuHMTEdTEjLiEkdJzjHgXSZpTFKcMjdkTfAe06hg1przxTrWZ0SkBvQk obR6SJKC8hrE6zdTzTzor9zXumPdXdpvT3jdeYWIkhsX/p5pn/1alaJPo40zUIqinWjKqOGZdMd0Xd3P5SlSSHmDiFexRPCDOtnPfZ1ppU16566+n4m85UrNozk5vhXd2SBuz+HOciaFb KbrVcuTop1Spm1Hkc4BDHNM9T1HCBOhrkPcQjnvBsXVqRNbHuPlOtnNHs49uyHj4AjDiP2g==</latexit>
!bt
<latexit sha1_base64="JO4jbaUKBOsTNuHKjq1r3t5toHM=">AAACzXicjVHLSsNAFD2 Nr1pfVZdugkVwVZIq6rLgxp0V7APbUpJ0WkPzYjIRStWtP+BWf0v8A/0L74xTUIvohCRnzr3nzNx73STwU2FZrzljbn5hcSm/XFhZXVvfKG5uNdI44x6re3EQ85brpCzwI1YXvghYK+HM Cd2ANd3RqYw3bxhP/Ti6FOOEdUNnGPkD33MEUVedOGRDp+eaolcsWWVLLXMW2BqUoFctLr6ggz5ieMgQgiGCIBzAQUpPGzYsJMR1MSGOE/JVnOEOBdJmlMUowyF2RN8h7dqajWgvPVOl9u iUgF5OShN7pIkpjxOWp5kqnilnyf7mPVGe8m5j+rvaKyRW4JrYv3TTzP/qZC0CA5yoGnyqKVGMrM7TLpnqiry5+aUqQQ4JcRL3Kc4Je0o57bOpNKmqXfbWUfE3lSlZufd0boZ3eUsasP1 znLOgUSnbB+XKxWGpeqRHnccOdrFP8zxGFWeooU7eER7xhGfj3MiMW+P+M9XIac02vi3j4QOLspMR</latexit>
10 5
<latexit sha1_base64="bhF6tNr8Xa7jO9djubbTAvUHYGw=">AAACynicjVHLSsNAFD2 Nr1pfVZdugkVwY0mqosuCGxcuKtgH1CrJdFpD82IyEUrozh9wqx8m/oH+hXfGFNQiOiHJmXPPuTP3Xjf2vURa1mvBmJtfWFwqLpdWVtfWN8qbW60kSgXjTRb5kei4TsJ9L+RN6Umfd2LB ncD1edsdnal4+56LxIvCKzmOeS9whqE38JgjiWrb1k12cDy5LVesqqWXOQvsHFSQr0ZUfsE1+ojAkCIARwhJ2IeDhJ4ubFiIieshI04Q8nScY4ISeVNScVI4xI7oO6RdN2dD2quciXYzOs WnV5DTxB55ItIJwuo0U8dTnVmxv+XOdE51tzH93TxXQKzEHbF/+abK//pULRIDnOoaPKop1oyqjuVZUt0VdXPzS1WSMsTEKdynuCDMtHPaZ1N7El276q2j429aqVi1Z7k2xbu6JQ3Y/jn OWdCqVe3Dau3yqFK38lEXsYNd7NM8T1DHORpo6iof8YRn48IQxtjIPqVGIfds49syHj4ALdeRTA==</latexit>
100
<latexit sha1_base64="5LfCuIsHRur9d4xapJw0T/qmpy8=">AAACyXicjVHLSsNAFD2 Nr1pfVZdugkVwVSZV0GXBjeCmgn1ArZKk0xqbl8lErKUrf8Ct/pj4B/oX3hmnoBbRCUnOnHvPmbn3OrHvpYKx15wxMzs3v5BfLCwtr6yuFdc3GmmUJS6vu5EfJS3HTrnvhbwuPOHzVpxw O3B83nQGRzLevOVJ6kXhmRjGvBPY/dDrea4tiGpY7GLExpfFEisztcxpYGlQgl61qPiCc3QRwUWGABwhBGEfNlJ62rDAEBPXwYi4hJCn4hxjFEibURanDJvYAX37tGtrNqS99EyV2qVTfH oTUprYIU1EeQlheZqp4plyluxv3iPlKe82pL+jvQJiBa6I/Us3yfyvTtYi0MOhqsGjmmLFyOpc7ZKprsibm1+qEuQQEydxl+IJYVcpJ302lSZVtcve2ir+pjIlK/euzs3wLm9JA7Z+jnM aNCpla69cOd0vVZkedR5b2MYuzfMAVRyjhjp5X+MRT3g2Towb4864/0w1clqziW/LePgAj6WREA==</latexit>
10 10
<latexit sha1_base64="hd33LjIwizY1HWZyhNaLkzeYt/8=">AAACy3icjVHLSsNAFD2 Nr1pfVZdugkVwY5lUQZcFN26ECvYBtUqSTmtomoTJRKi1S3/Arf6X+Af6F94ZR1CL6IQkZ849587ce70kDFLJ2EvOmpmdm1/ILxaWlldW14rrG400zoTP634cxqLluSkPg4jXZSBD3koE d4deyJve4FjFmzdcpEEcnctRwjtDtx8FvcB3JVEth12O9xw2uSqWWJnpZU8Dx4ASzKrFxWdcoIsYPjIMwRFBEg7hIqWnDQcMCXEdjIkThAId55igQN6MVJwULrED+vZp1zZsRHuVM9Vun0 4J6RXktLFDnph0grA6zdbxTGdW7G+5xzqnutuI/p7JNSRW4prYv3yfyv/6VC0SPRzpGgKqKdGMqs43WTLdFXVz+0tVkjIkxCncpbgg7GvnZ59t7Ul17aq3ro6/aqVi1d432gxv6pY0YOf nOKdBo1J29suVs4NSlZlR57GFbezSPA9RxQlqqOs5PuART9aplVq31t2H1MoZzya+Lev+Hb3nkYI=</latexit>
10 3
<latexit sha1_base64="K8BZ2tnuLPi9EBauVDExTI0K8yE=">AAACynicjVHLSsNAFD2 Nr1pfVZdugkVwY0laQZcFNy5cVLAPqFWS6bSG5sVkIpTQnT/gVj9M/AP9C++MKahFdEKSM+eec2fuvW7se4m0rNeCsbC4tLxSXC2trW9sbpW3d9pJlArGWyzyI9F1nYT7Xshb0pM+78aC O4Hr8447PlPxzj0XiReFV3IS837gjEJv6DFHEtWxrZvsqD69LVesqqWXOQ/sHFSQr2ZUfsE1BojAkCIARwhJ2IeDhJ4ebFiIiesjI04Q8nScY4oSeVNScVI4xI7pO6JdL2dD2quciXYzOs WnV5DTxAF5ItIJwuo0U8dTnVmxv+XOdE51twn93TxXQKzEHbF/+WbK//pULRJDnOoaPKop1oyqjuVZUt0VdXPzS1WSMsTEKTyguCDMtHPWZ1N7El276q2j429aqVi1Z7k2xbu6JQ3Y/jn OedCuVe16tXZ5XGlY+aiL2MM+DmmeJ2jgHE20dJWPeMKzcWEIY2Jkn1KjkHt28W0ZDx8pFZFK</latexit>
10 6
<latexit sha1_base64="mF/Kh0OQ8IAL+roX/wuIc4NmGd8=">AAACynicjVHLSsNAFD2 Nr1pfVZdugkVwY0mqqMuCGxcuKtgH1CrJdFpD82IyEUrozh9wqx8m/oH+hXfGFNQiOiHJmXPPuTP3Xjf2vURa1mvBmJtfWFwqLpdWVtfWN8qbW60kSgXjTRb5kei4TsJ9L+RN6Umfd2LB ncD1edsdnal4+56LxIvCKzmOeS9whqE38JgjiWrb1k12cDy5LVesqqWXOQvsHFSQr0ZUfsE1+ojAkCIARwhJ2IeDhJ4ubFiIieshI04Q8nScY4ISeVNScVI4xI7oO6RdN2dD2quciXYzOs WnV5DTxB55ItIJwuo0U8dTnVmxv+XOdE51tzH93TxXQKzEHbF/+abK//pULRIDnOoaPKop1oyqjuVZUt0VdXPzS1WSMsTEKdynuCDMtHPaZ1N7El276q2j429aqVi1Z7k2xbu6JQ3Y/jn OWdCqVe3Dau3yqFK38lEXsYNd7NM8T1DHORpo6iof8YRn48IQxtjIPqVGIfds49syHj4AMDiRTQ==</latexit>
100
<latexit sha1_base64="5LfCuIsHRur9d4xapJw0T/qmpy8=">AAACyXicjVHLSsNAFD2 Nr1pfVZdugkVwVSZV0GXBjeCmgn1ArZKk0xqbl8lErKUrf8Ct/pj4B/oX3hmnoBbRCUnOnHvPmbn3OrHvpYKx15wxMzs3v5BfLCwtr6yuFdc3GmmUJS6vu5EfJS3HTrnvhbwuPOHzVpxw O3B83nQGRzLevOVJ6kXhmRjGvBPY/dDrea4tiGpY7GLExpfFEisztcxpYGlQgl61qPiCc3QRwUWGABwhBGEfNlJ62rDAEBPXwYi4hJCn4hxjFEibURanDJvYAX37tGtrNqS99EyV2qVTfH oTUprYIU1EeQlheZqp4plyluxv3iPlKe82pL+jvQJiBa6I/Us3yfyvTtYi0MOhqsGjmmLFyOpc7ZKprsibm1+qEuQQEydxl+IJYVcpJ302lSZVtcve2ir+pjIlK/euzs3wLm9JA7Z+jnM aNCpla69cOd0vVZkedR5b2MYuzfMAVRyjhjp5X+MRT3g2Towb4864/0w1clqziW/LePgAj6WREA==</latexit>
0
<latexit sha1_base64="5Da5J2+USYBDc7Sa1HZy3SIbX4g=">AAACxHicjVHLSsNAFD2 Nr1pfVZdugkVwVZIq6LIgiMsWbC3UIsl0WoemSZhMhFL0B9zqt4l/oH/hnXEKahGdkOTMufecmXtvmEYiU573WnAWFpeWV4qrpbX1jc2t8vZOO0tyyXiLJVEiO2GQ8UjEvKWEingnlTwY hxG/CkdnOn51x2UmkvhSTVLeGwfDWAwECxRRTe+mXPGqnlnuPPAtqMCuRlJ+wTX6SMCQYwyOGIpwhAAZPV348JAS18OUOElImDjHPUqkzSmLU0ZA7Ii+Q9p1LRvTXntmRs3olIheSUoXB6 RJKE8S1qe5Jp4bZ83+5j01nvpuE/qH1mtMrMItsX/pZpn/1elaFAY4NTUIqik1jK6OWZfcdEXf3P1SlSKHlDiN+xSXhJlRzvrsGk1mate9DUz8zWRqVu+Zzc3xrm9JA/Z/jnMetGtV/6h aax5X6p4ddRF72MchzfMEdVyggZbxfsQTnp1zJ3IyJ/9MdQpWs4tvy3n4ALvxjyc=</latexit>
0.5
<latexit sha1_base64="Vl9j3qpWTZKOwtmFY6tCYAxqyic=">AAACxnicjVHLSsNAFD2 Nr1pfVZdugkVwFZKq6LLgpsuK9gG1SDKd1qFpEiYTRYrgD7jVTxP/QP/CO2MKahGdkOTMufecmXtvkIQiVa77WrDm5hcWl4rLpZXVtfWN8uZWK40zyXiTxWEsO4Gf8lBEvKmECnknkdwf ByFvB6NTHW/fcJmKOLpQdwnvjf1hJAaC+Yqoc9c5uipXXMc1y54FXg4qyFcjLr/gEn3EYMgwBkcERTiEj5SeLjy4SIjrYUKcJCRMnOMeJdJmlMUpwyd2RN8h7bo5G9Fee6ZGzeiUkF5JSh t7pIkpTxLWp9kmnhlnzf7mPTGe+m539A9yrzGxCtfE/qWbZv5Xp2tRGODE1CCopsQwujqWu2SmK/rm9peqFDkkxGncp7gkzIxy2mfbaFJTu+6tb+JvJlOzes/y3Azv+pY0YO/nOGdBq+p 4B0717LBSc/NRF7GDXezTPI9RQx0NNMl7iEc84dmqW5GVWbefqVYh12zj27IePgDzMI+e</latexit>
1
<latexit sha1_base64="QAWfdmEaeOKSIbL++YcTe0VghXg=">AAACxHicjVHLSsNAFD2 Nr1pfVZdugkVwVZIq6LIgiMsWbC3UIsl0WodOk5BMhFL0B9zqt4l/oH/hnXEKahGdkOTMufecmXtvmEiRKc97LTgLi0vLK8XV0tr6xuZWeXunncV5yniLxTJOO2GQcSki3lJCSd5JUh6M Q8mvwtGZjl/d8TQTcXSpJgnvjYNhJAaCBYqopn9TrnhVzyx3HvgWVGBXIy6/4Bp9xGDIMQZHBEVYIkBGTxc+PCTE9TAlLiUkTJzjHiXS5pTFKSMgdkTfIe26lo1orz0zo2Z0iqQ3JaWLA9 LElJcS1qe5Jp4bZ83+5j01nvpuE/qH1mtMrMItsX/pZpn/1elaFAY4NTUIqikxjK6OWZfcdEXf3P1SlSKHhDiN+xRPCTOjnPXZNZrM1K57G5j4m8nUrN4zm5vjXd+SBuz/HOc8aNeq/lG 11jyu1D076iL2sI9DmucJ6rhAAy3j/YgnPDvnjnQyJ/9MdQpWs4tvy3n4AL5Rjyg=</latexit>
173
<latexit sha1_base64="e/dsg7KqLz2EeqNPKWNt1maU13k=">AAAC4nicjVHLSsNAFD2 Nr1pfVZciBIvgopSkVeqy4MZlBfuAtpQkndZgmoTJRCylK3fuxK0/4FY/RvwD/QvvjCmoRXRCkjPn3nNm7r126LmRMIzXlDY3v7C4lF7OrKyurW9kN7fqURBzh9WcwAt407Yi5rk+qwlX eKwZcmYNbY817MsTGW9cMR65gX8uRiHrDK2B7/ZdxxJEdbO7bcGuhfJp8YHdGRuFo7yRNydjs1yadLM5o2Copc8CMwE5JKsaZF/QRg8BHMQYgsGHIOzBQkRPCyYMhMR1MCaOE3JVnGGCDG ljymKUYRF7Sd8B7VoJ69NeekZK7dApHr2clDr2SRNQHicsT9NVPFbOkv3Ne6w85d1G9LcTryGxAhfE/qWbZv5XJ2sR6ONY1eBSTaFiZHVO4hKrrsib61+qEuQQEidxj+KcsKOU0z7rShO p2mVvLRV/U5mSlXsnyY3xLm9JAzZ/jnMW1IsFs1Qonh3mKvlk1GnsYA8HNM8yKjhFFTXyvsEjnvCs9bRb7U67/0zVUolmG9+W9vABdICaRg==</latexit>
8
<latexit sha1_base64="RH4dNDpgVkVjfKSCEsn5/fwWJWY=">AAAC5HicjVHLSsNAFD2 Nr1pfVZcuDBbBRSlpVeyy4MZlBfuAtpQkndbQvJhMxFK6dOdO3PoDbvVbxD/Qv/DOmIJaRCdk5sy595yZO9cKXScShvGa0ubmFxaX0suZldW19Y3s5lY9CmJus5oduAFvWmbEXMdnNeEI lzVDzkzPclnDGp7KeOOK8cgJ/AsxClnHMwe+03dsUxDVze62BbsWyqfFB1ZnbOSNwnFZTZNxedLN5oyCoYY+C4oJyCEZ1SD7gjZ6CGAjhgcGH4KwCxMRfS0UYSAkroMxcZyQo+IME2RIG1 MWowyT2CHNA9q1EtanvfSMlNqmU1z6OSl17JMmoDxOWJ6mq3isnCX7m/dYecq7jWi1Ei+PWIFLYv/STTP/q5O1CPRRVjU4VFOoGFmdnbjE6lXkzfUvVQlyCImTuEdxTthWyuk760oTqdr l25oq/qYyJSv3dpIb413ekhpc/NnOWVAvFYqHhdL5Ua6ST1qdxg72cED9PEEFZ6iiRt43eMQTnrW+dqvdafefqVoq0Wzj29AePgDZ6prJ</latexit>
single-phonon emission
two-phonon emission
1
<latexit sha1_base64="QAWfdmEaeOKSIbL++YcTe0VghXg=">AAACxHicjVHLSsNAFD2 Nr1pfVZdugkVwVZIq6LIgiMsWbC3UIsl0WodOk5BMhFL0B9zqt4l/oH/hnXEKahGdkOTMufecmXtvmEiRKc97LTgLi0vLK8XV0tr6xuZWeXunncV5yniLxTJOO2GQcSki3lJCSd5JUh6M Q8mvwtGZjl/d8TQTcXSpJgnvjYNhJAaCBYqopn9TrnhVzyx3HvgWVGBXIy6/4Bp9xGDIMQZHBEVYIkBGTxc+PCTE9TAlLiUkTJzjHiXS5pTFKSMgdkTfIe26lo1orz0zo2Z0iqQ3JaWLA9 LElJcS1qe5Jp4bZ83+5j01nvpuE/qH1mtMrMItsX/pZpn/1elaFAY4NTUIqikxjK6OWZfcdEXf3P1SlSKHhDiN+xRPCTOjnPXZNZrM1K57G5j4m8nUrN4zm5vjXd+SBuz/HOc8aNeq/lG 11jyu1D076iL2sI9DmucJ6rhAAy3j/YgnPDvnjnQyJ/9MdQpWs4tvy3n4AL5Rjyg=</latexit>
0.5
<latexit sha1_base64="Vl9j3qpWTZKOwtmFY6tCYAxqyic=">AAACxnicjVHLSsNAFD2 Nr1pfVZdugkVwFZKq6LLgpsuK9gG1SDKd1qFpEiYTRYrgD7jVTxP/QP/CO2MKahGdkOTMufecmXtvkIQiVa77WrDm5hcWl4rLpZXVtfWN8uZWK40zyXiTxWEsO4Gf8lBEvKmECnknkdwf ByFvB6NTHW/fcJmKOLpQdwnvjf1hJAaC+Yqoc9c5uipXXMc1y54FXg4qyFcjLr/gEn3EYMgwBkcERTiEj5SeLjy4SIjrYUKcJCRMnOMeJdJmlMUpwyd2RN8h7bo5G9Fee6ZGzeiUkF5JSh t7pIkpTxLWp9kmnhlnzf7mPTGe+m539A9yrzGxCtfE/qWbZv5Xp2tRGODE1CCopsQwujqWu2SmK/rm9peqFDkkxGncp7gkzIxy2mfbaFJTu+6tb+JvJlOzes/y3Azv+pY0YO/nOGdBq+p 4B0717LBSc/NRF7GDXezTPI9RQx0NNMl7iEc84dmqW5GVWbefqVYh12zj27IePgDzMI+e</latexit>
0
<latexit sha1_base64="5Da5J2+USYBDc7Sa1HZy3SIbX4g=">AAACxHicjVHLSsNAFD2 Nr1pfVZdugkVwVZIq6LIgiMsWbC3UIsl0WoemSZhMhFL0B9zqt4l/oH/hnXEKahGdkOTMufecmXtvmEYiU573WnAWFpeWV4qrpbX1jc2t8vZOO0tyyXiLJVEiO2GQ8UjEvKWEingnlTwY hxG/CkdnOn51x2UmkvhSTVLeGwfDWAwECxRRTe+mXPGqnlnuPPAtqMCuRlJ+wTX6SMCQYwyOGIpwhAAZPV348JAS18OUOElImDjHPUqkzSmLU0ZA7Ii+Q9p1LRvTXntmRs3olIheSUoXB6 RJKE8S1qe5Jp4bZ83+5j01nvpuE/qH1mtMrMItsX/pZpn/1elaFAY4NTUIqik1jK6OWZfcdEXf3P1SlSKHlDiN+xSXhJlRzvrsGk1mate9DUz8zWRqVu+Zzc3xrm9JA/Z/jnMetGtV/6h aax5X6p4ddRF72MchzfMEdVyggZbxfsQTnp1zJ3IyJ/9MdQpWs4tvy3n4ALvxjyc=</latexit>
0
<latexit sha1_base64="5Da5J2+USYBDc7Sa1HZy3SIbX4g=">AAACxHicjVHLSsNAFD2 Nr1pfVZdugkVwVZIq6LIgiMsWbC3UIsl0WoemSZhMhFL0B9zqt4l/oH/hnXEKahGdkOTMufecmXtvmEYiU573WnAWFpeWV4qrpbX1jc2t8vZOO0tyyXiLJVEiO2GQ8UjEvKWEingnlTwY hxG/CkdnOn51x2UmkvhSTVLeGwfDWAwECxRRTe+mXPGqnlnuPPAtqMCuRlJ+wTX6SMCQYwyOGIpwhAAZPV348JAS18OUOElImDjHPUqkzSmLU0ZA7Ii+Q9p1LRvTXntmRs3olIheSUoXB6 RJKE8S1qe5Jp4bZ83+5j01nvpuE/qH1mtMrMItsX/pZpn/1elaFAY4NTUIqik1jK6OWZfcdEXf3P1SlSKHlDiN+xSXhJlRzvrsGk1mate9DUz8zWRqVu+Zzc3xrm9JA/Z/jnMetGtV/6h aax5X6p4ddRF72MchzfMEdVyggZbxfsQTnp1zJ3IyJ/9MdQpWs4tvy3n4ALvxjyc=</latexit>
0.5
<latexit sha1_base64="Vl9j3qpWTZKOwtmFY6tCYAxqyic=">AAACxnicjVHLSsNAFD2 Nr1pfVZdugkVwFZKq6LLgpsuK9gG1SDKd1qFpEiYTRYrgD7jVTxP/QP/CO2MKahGdkOTMufecmXtvkIQiVa77WrDm5hcWl4rLpZXVtfWN8uZWK40zyXiTxWEsO4Gf8lBEvKmECnknkdwf ByFvB6NTHW/fcJmKOLpQdwnvjf1hJAaC+Yqoc9c5uipXXMc1y54FXg4qyFcjLr/gEn3EYMgwBkcERTiEj5SeLjy4SIjrYUKcJCRMnOMeJdJmlMUpwyd2RN8h7bo5G9Fee6ZGzeiUkF5JSh t7pIkpTxLWp9kmnhlnzf7mPTGe+m539A9yrzGxCtfE/qWbZv5Xp2tRGODE1CCopsQwujqWu2SmK/rm9peqFDkkxGncp7gkzIxy2mfbaFJTu+6tb+JvJlOzes/y3Azv+pY0YO/nOGdBq+p 4B0717LBSc/NRF7GDXezTPI9RQx0NNMl7iEc84dmqW5GVWbefqVYh12zj27IePgDzMI+e</latexit>
1
<latexit sha1_base64="QAWfdmEaeOKSIbL++YcTe0VghXg=">AAACxHicjVHLSsNAFD2 Nr1pfVZdugkVwVZIq6LIgiMsWbC3UIsl0WodOk5BMhFL0B9zqt4l/oH/hnXEKahGdkOTMufecmXtvmEiRKc97LTgLi0vLK8XV0tr6xuZWeXunncV5yniLxTJOO2GQcSki3lJCSd5JUh6M Q8mvwtGZjl/d8TQTcXSpJgnvjYNhJAaCBYqopn9TrnhVzyx3HvgWVGBXIy6/4Bp9xGDIMQZHBEVYIkBGTxc+PCTE9TAlLiUkTJzjHiXS5pTFKSMgdkTfIe26lo1orz0zo2Z0iqQ3JaWLA9 LElJcS1qe5Jp4bZ83+5j01nvpuE/qH1mtMrMItsX/pZpn/1elaFAY4NTUIqikxjK6OWZfcdEXf3P1SlSKHhDiN+xRPCTOjnPXZNZrM1K57G5j4m8nUrN4zm5vjXd+SBuz/HOc8aNeq/lG 11jyu1D076iL2sI9DmucJ6rhAAy3j/YgnPDvnjnQyJ/9MdQpWs4tvy3n4AL5Rjyg=</latexit>
1
<latexit sha1_base64="QAWfdmEaeOKSIbL++YcTe0VghXg=">AAACxHicjVHLSsNAFD2 Nr1pfVZdugkVwVZIq6LIgiMsWbC3UIsl0WodOk5BMhFL0B9zqt4l/oH/hnXEKahGdkOTMufecmXtvmEiRKc97LTgLi0vLK8XV0tr6xuZWeXunncV5yniLxTJOO2GQcSki3lJCSd5JUh6M Q8mvwtGZjl/d8TQTcXSpJgnvjYNhJAaCBYqopn9TrnhVzyx3HvgWVGBXIy6/4Bp9xGDIMQZHBEVYIkBGTxc+PCTE9TAlLiUkTJzjHiXS5pTFKSMgdkTfIe26lo1orz0zo2Z0iqQ3JaWLA9 LElJcS1qe5Jp4bZ83+5j01nvpuE/qH1mtMrMItsX/pZpn/1elaFAY4NTUIqikxjK6OWZfcdEXf3P1SlSKHhDiN+xRPCTOjnPXZNZrM1K57G5j4m8nUrN4zm5vjXd+SBuz/HOc8aNeq/lG 11jyu1D076iL2sI9DmucJ6rhAAy3j/YgnPDvnjnQyJ/9MdQpWs4tvy3n4AL5Rjyg=</latexit>
0.5
<latexit sha1_base64="Vl9j3qpWTZKOwtmFY6tCYAxqyic=">AAACxnicjVHLSsNAFD2 Nr1pfVZdugkVwFZKq6LLgpsuK9gG1SDKd1qFpEiYTRYrgD7jVTxP/QP/CO2MKahGdkOTMufecmXtvkIQiVa77WrDm5hcWl4rLpZXVtfWN8uZWK40zyXiTxWEsO4Gf8lBEvKmECnknkdwf ByFvB6NTHW/fcJmKOLpQdwnvjf1hJAaC+Yqoc9c5uipXXMc1y54FXg4qyFcjLr/gEn3EYMgwBkcERTiEj5SeLjy4SIjrYUKcJCRMnOMeJdJmlMUpwyd2RN8h7bo5G9Fee6ZGzeiUkF5JSh t7pIkpTxLWp9kmnhlnzf7mPTGe+m539A9yrzGxCtfE/qWbZv5Xp2tRGODE1CCopsQwujqWu2SmK/rm9peqFDkkxGncp7gkzIxy2mfbaFJTu+6tb+JvJlOzes/y3Azv+pY0YO/nOGdBq+p 4B0717LBSc/NRF7GDXezTPI9RQx0NNMl7iEc84dmqW5GVWbefqVYh12zj27IePgDzMI+e</latexit>
0
<latexit sha1_base64="5Da5J2+USYBDc7Sa1HZy3SIbX4g=">AAACxHicjVHLSsNAFD2 Nr1pfVZdugkVwVZIq6LIgiMsWbC3UIsl0WoemSZhMhFL0B9zqt4l/oH/hnXEKahGdkOTMufecmXtvmEYiU573WnAWFpeWV4qrpbX1jc2t8vZOO0tyyXiLJVEiO2GQ8UjEvKWEingnlTwY hxG/CkdnOn51x2UmkvhSTVLeGwfDWAwECxRRTe+mXPGqnlnuPPAtqMCuRlJ+wTX6SMCQYwyOGIpwhAAZPV348JAS18OUOElImDjHPUqkzSmLU0ZA7Ii+Q9p1LRvTXntmRs3olIheSUoXB6 RJKE8S1qe5Jp4bZ83+5j01nvpuE/qH1mtMrMItsX/pZpn/1elaFAY4NTUIqik1jK6OWZfcdEXf3P1SlSKHlDiN+xSXhJlRzvrsGk1mate9DUz8zWRqVu+Zzc3xrm9JA/Z/jnMetGtV/6h aax5X6p4ddRF72MchzfMEdVyggZbxfsQTnp1zJ3IyJ/9MdQpWs4tvy3n4ALvxjyc=</latexit>
|0, ci
<latexit sha1_base64="oGTAGh5/1iv0s/EGajWNA1vL/1M=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZLptIbmxWRSKLW49Qfc6meJf6B/4Z0xBbWITkhy5txz7sy91419L5GW9ZozFhaXllfyq4 W19Y3NreL2TiOJUsF4nUV+JFquk3DfC3ldetLnrVhwJ3B93nSHFyreHHGReFF4Lccx7wbOIPT6HnMkUe0765h1hBMOfH5TLFllSy9zHtgZKCFbtaj4gg56iMCQIgBHCEnYh4OEnjZsWIiJ62JCnCDk6TjHFAXypqTipHCIHdJ3QLt2xoa0VzkT7WZ0ik+vIKeJA/JEpBOE1Wmmjqc6s2J/yz3ROdXdxvR3s1wBsRK3xP7lmyn/61O1SPRxrmvwqKZYM6o6lmVJdVfUzc0vVUnKEBOncI/igjDTzlmfTe1JdO2qt46Ov2mlYtWeZdoU7+qWNGD75zjnQaNStk/Kl avTUvUoG3Uee9jHIc3zDFVcooa67vgjnvBs1IyRMTXuP6VGLvPs4tsyHj4Ae6mTZQ==</latexit>
|0, vi
<latexit sha1_base64="tzwkZ/0Y6Td4AI6OjHqK43bvwRw=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZJ0WkPzYjIplFrc+gNu9bPEP9C/8M44BbWITkhy5txz7sy9100CPxWW9ZozFhaXllfyq4 W19Y3NreL2TiONM+6xuhcHMW+5TsoCP2J14YuAtRLOnNANWNMdXsh4c8R46sfRtRgnrBs6g8jv+54jiGrfWcejDneiQcBuiiWrbKllzgNbgxL0qsXFF3TQQwwPGUIwRBCEAzhI6WnDhoWEuC4mxHFCvoozTFEgb0YqRgqH2CF9B7RrazaivcyZKrdHpwT0cnKaOCBPTDpOWJ5mqnimMkv2t9wTlVPebUx/V+cKiRW4JfYv30z5X5+sRaCPc1WDTzUlipHVeTpLproib25+qUpQhoQ4iXsU54Q95Zz12VSeVNUue+uo+JtSSlbuPa3N8C5vSQO2f45zHjQqZfukX Lk6LVWP9Kjz2MM+DmmeZ6jiEjXUVccf8YRno2aMjKlx/yk1ctqzi2/LePgAqU6TeA==</latexit>
|1, ci
<latexit sha1_base64="L/2fkrkFigxKmc2uNsPUxwRSB30=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZLptIbmxWRSKLW49Qfc6meJf6B/4Z0xBbWITkhy5txz7sy91419L5GW9ZozFhaXllfyq4 W19Y3NreL2TiOJUsF4nUV+JFquk3DfC3ldetLnrVhwJ3B93nSHFyreHHGReFF4Lccx7wbOIPT6HnMkUe07+5h1hBMOfH5TLFllSy9zHtgZKCFbtaj4gg56iMCQIgBHCEnYh4OEnjZsWIiJ62JCnCDk6TjHFAXypqTipHCIHdJ3QLt2xoa0VzkT7WZ0ik+vIKeJA/JEpBOE1Wmmjqc6s2J/yz3ROdXdxvR3s1wBsRK3xP7lmyn/61O1SPRxrmvwqKZYM6o6lmVJdVfUzc0vVUnKEBOncI/igjDTzlmfTe1JdO2qt46Ov2mlYtWeZdoU7+qWNGD75zjnQaNStk/Kl avTUvUoG3Uee9jHIc3zDFVcooa67vgjnvBs1IyRMTXuP6VGLvPs4tsyHj4AfhKTZg==</latexit>
|1, vi
<latexit sha1_base64="BLw6whwpzldmGir/DeSZIaDc9+4=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZJ0WkPzYjIplFrc+gNu9bPEP9C/8M44BbWITkhy5txz7sy9100CPxWW9ZozFhaXllfyq4 W19Y3NreL2TiONM+6xuhcHMW+5TsoCP2J14YuAtRLOnNANWNMdXsh4c8R46sfRtRgnrBs6g8jv+54jiGrf2cejDneiQcBuiiWrbKllzgNbgxL0qsXFF3TQQwwPGUIwRBCEAzhI6WnDhoWEuC4mxHFCvoozTFEgb0YqRgqH2CF9B7RrazaivcyZKrdHpwT0cnKaOCBPTDpOWJ5mqnimMkv2t9wTlVPebUx/V+cKiRW4JfYv30z5X5+sRaCPc1WDTzUlipHVeTpLproib25+qUpQhoQ4iXsU54Q95Zz12VSeVNUue+uo+JtSSlbuPa3N8C5vSQO2f45zHjQqZfukX Lk6LVWP9Kjz2MM+DmmeZ6jiEjXUVccf8YRno2aMjKlx/yk1ctqzi2/LePgAq7eTeQ==</latexit>
|2, ci
<latexit sha1_base64="fi9CfjAifaLR/UPwNvh4q4xIY3Q=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZLptIbmxWRSKLW49Qfc6meJf6B/4Z0xBbWITkhy5txz7sy91419L5GW9ZozFhaXllfyq4 W19Y3NreL2TiOJUsF4nUV+JFquk3DfC3ldetLnrVhwJ3B93nSHFyreHHGReFF4Lccx7wbOIPT6HnMkUe27yjHrCCcc+PymWLLKll7mPLAzUEK2alHxBR30EIEhRQCOEJKwDwcJPW3YsBAT18WEOEHI03GOKQrkTUnFSeEQO6TvgHbtjA1pr3Im2s3oFJ9eQU4TB+SJSCcIq9NMHU91ZsX+lnuic6q7jenvZrkCYiVuif3LN1P+16dqkejjXNfgUU2xZlR1LMuS6q6om5tfqpKUISZO4R7FBWGmnbM+m9qT6NpVbx0df9NKxao9y7Qp3tUtacD2z3HOg0albJ+UK 1enpepRNuo89rCPQ5rnGaq4RA113fFHPOHZqBkjY2rcf0qNXObZxbdlPHwAgHuTZw==</latexit>
|2, vi
<latexit sha1_base64="YtMwnsXUPLoGF7Yd77MV+zM+NT4=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZJ0WkPzYjIplFrc+gNu9bPEP9C/8M44BbWITkhy5txz7sy9100CPxWW9ZozFhaXllfyq4 W19Y3NreL2TiONM+6xuhcHMW+5TsoCP2J14YuAtRLOnNANWNMdXsh4c8R46sfRtRgnrBs6g8jv+54jiGrfVY5HHe5Eg4DdFEtW2VLLnAe2BiXoVYuLL+ighxgeMoRgiCAIB3CQ0tOGDQsJcV1MiOOEfBVnmKJA3oxUjBQOsUP6DmjX1mxEe5kzVW6PTgno5eQ0cUCemHScsDzNVPFMZZbsb7knKqe825j+rs4VEitwS+xfvpnyvz5Zi0Af56oGn2pKFCOr83SWTHVF3tz8UpWgDAlxEvcozgl7yjnrs6k8qapd9tZR8TellKzce1qb4V3ekgZs/xznPGhUyvZJu XJ1Wqoe6VHnsYd9HNI8z1DFJWqoq44/4gnPRs0YGVPj/lNq5LRnF9+W8fABriCTeg==</latexit>
|0,
vi
<latexit sha1_base64="tzwkZ/0Y6Td4AI6OjHqK43bvwRw=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZJ0WkPzYjIplFrc+gNu9bPEP9C/8M44BbWITkhy5txz7sy9100CPxWW9ZozFhaXllfyq4W19Y3NreL2TiONM+6xuhcHMW+5TsoCP2J14YuAtRLOnNANWNMdXsh4c8R46sfRtRgnrBs6g8jv+54jiGrfWcejDneiQcB uiiWrbKllzgNbgxL0qsXFF3TQQwwPGUIwRBCEAzhI6WnDhoWEuC4mxHFCvoozTFEgb0YqRgqH2CF9B7RrazaivcyZKrdHpwT0cnKaOCBPTDpOWJ5mqnimMkv2t9wTlVPebUx/V+cKiRW4JfYv30z5X5+sRaCPc1WDTzUlipHVeTpLproib25+qUpQhoQ4iXsU54Q95Zz12VSeVNUue+uo+JtSSlbuPa3N8C5vSQO2f45zHjQqZfukXLk6LVWP9Kjz2MM+DmmeZ6jiEjXUVccf8YRno2aMjKlx/yk1ctqzi2/LePgAqU6TeA==</latexit> |1,
ci
<latexit sha1_base64="L/2fkrkFigxKmc2uNsPUxwRSB30=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZLptIbmxWRSKLW49Qfc6meJf6B/4Z0xBbWITkhy5txz7sy91419L5GW9ZozFhaXllfyq4W19Y3NreL2TiOJUsF4nUV+JFquk3DfC3ldetLnrVhwJ3B93nSHFyreHHGReFF4Lccx7wbOIPT6HnMkUe07+5h1hBMOfH5 TLFllSy9zHtgZKCFbtaj4gg56iMCQIgBHCEnYh4OEnjZsWIiJ62JCnCDk6TjHFAXypqTipHCIHdJ3QLt2xoa0VzkT7WZ0ik+vIKeJA/JEpBOE1Wmmjqc6s2J/yz3ROdXdxvR3s1wBsRK3xP7lmyn/61O1SPRxrmvwqKZYM6o6lmVJdVfUzc0vVUnKEBOncI/igjDTzlmfTe1JdO2qt46Ov2mlYtWeZdoU7+qWNGD75zjnQaNStk/KlavTUvUoG3Uee9jHIc3zDFVcooa67vgjnvBs1IyRMTXuP6VGLvPs4tsyHj4AfhKTZg==</latexit> |1,
vi
<latexit sha1_base64="BLw6whwpzldmGir/DeSZIaDc9+4=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZJ0WkPzYjIplFrc+gNu9bPEP9C/8M44BbWITkhy5txz7sy9100CPxWW9ZozFhaXllfyq4W19Y3NreL2TiONM+6xuhcHMW+5TsoCP2J14YuAtRLOnNANWNMdXsh4c8R46sfRtRgnrBs6g8jv+54jiGrf2cejDneiQcB uiiWrbKllzgNbgxL0qsXFF3TQQwwPGUIwRBCEAzhI6WnDhoWEuC4mxHFCvoozTFEgb0YqRgqH2CF9B7RrazaivcyZKrdHpwT0cnKaOCBPTDpOWJ5mqnimMkv2t9wTlVPebUx/V+cKiRW4JfYv30z5X5+sRaCPc1WDTzUlipHVeTpLproib25+qUpQhoQ4iXsU54Q95Zz12VSeVNUue+uo+JtSSlbuPa3N8C5vSQO2f45zHjQqZfukXLk6LVWP9Kjz2MM+DmmeZ6jiEjXUVccf8YRno2aMjKlx/yk1ctqzi2/LePgAq7eTeQ==</latexit> |2,
ci
<latexit sha1_base64="fi9CfjAifaLR/UPwNvh4q4xIY3Q=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZLptIbmxWRSKLW49Qfc6meJf6B/4Z0xBbWITkhy5txz7sy91419L5GW9ZozFhaXllfyq4W19Y3NreL2TiOJUsF4nUV+JFquk3DfC3ldetLnrVhwJ3B93nSHFyreHHGReFF4Lccx7wbOIPT6HnMkUe27yjHrCCcc+Py mWLLKll7mPLAzUEK2alHxBR30EIEhRQCOEJKwDwcJPW3YsBAT18WEOEHI03GOKQrkTUnFSeEQO6TvgHbtjA1pr3Im2s3oFJ9eQU4TB+SJSCcIq9NMHU91ZsX+lnuic6q7jenvZrkCYiVuif3LN1P+16dqkejjXNfgUU2xZlR1LMuS6q6om5tfqpKUISZO4R7FBWGmnbM+m9qT6NpVbx0df9NKxao9y7Qp3tUtacD2z3HOg0albJ+UK1enpepRNuo89rCPQ5rnGaq4RA113fFHPOHZqBkjY2rcf0qNXObZxbdlPHwAgHuTZw==</latexit> |2,
vi
<latexit sha1_base64="YtMwnsXUPLoGF7Yd77MV+zM+NT4=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZJ0WkPzYjIplFrc+gNu9bPEP9C/8M44BbWITkhy5txz7sy9100CPxWW9ZozFhaXllfyq4W19Y3NreL2TiONM+6xuhcHMW+5TsoCP2J14YuAtRLOnNANWNMdXsh4c8R46sfRtRgnrBs6g8jv+54jiGrfVY5HHe5Eg4D dFEtW2VLLnAe2BiXoVYuLL+ighxgeMoRgiCAIB3CQ0tOGDQsJcV1MiOOEfBVnmKJA3oxUjBQOsUP6DmjX1mxEe5kzVW6PTgno5eQ0cUCemHScsDzNVPFMZZbsb7knKqe825j+rs4VEitwS+xfvpnyvz5Zi0Af56oGn2pKFCOr83SWTHVF3tz8UpWgDAlxEvcozgl7yjnrs6k8qapd9tZR8TellKzce1qb4V3ekgZs/xznPGhUyvZJuXJ1Wqoe6VHnsYd9HNI8z1DFJWqoq44/4gnPRs0YGVPj/lNq5LRnF9+W8fABriCTeg==</latexit>
|0, ci
<latexit sha1_base64="oGTAGh5/1iv0s/EGajWNA1vL/1M=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZLptIbmxWRSKLW49Qfc6meJf6B/4Z0xBbWITkhy5txz7sy91419L5GW9ZozFhaXllfyq4 W19Y3NreL2TiOJUsF4nUV+JFquk3DfC3ldetLnrVhwJ3B93nSHFyreHHGReFF4Lccx7wbOIPT6HnMkUe0765h1hBMOfH5TLFllSy9zHtgZKCFbtaj4gg56iMCQIgBHCEnYh4OEnjZsWIiJ62JCnCDk6TjHFAXypqTipHCIHdJ3QLt2xoa0VzkT7WZ0ik+vIKeJA/JEpBOE1Wmmjqc6s2J/yz3ROdXdxvR3s1wBsRK3xP7lmyn/61O1SPRxrmvwqKZYM6o6lmVJdVfUzc0vVUnKEBOncI/igjDTzlmfTe1JdO2qt46Ov2mlYtWeZdoU7+qWNGD75zjnQaNStk/Kl avTUvUoG3Uee9jHIc3zDFVcooa67vgjnvBs1IyRMTXuP6VGLvPs4tsyHj4Ae6mTZQ==</latexit>
|0, vi
<latexit sha1_base64="tzwkZ/0Y6Td4AI6OjHqK43bvwRw=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZJ0WkPzYjIplFrc+gNu9bPEP9C/8M44BbWITkhy5txz7sy9100CPxWW9ZozFhaXllfyq4 W19Y3NreL2TiONM+6xuhcHMW+5TsoCP2J14YuAtRLOnNANWNMdXsh4c8R46sfRtRgnrBs6g8jv+54jiGrfWcejDneiQcBuiiWrbKllzgNbgxL0qsXFF3TQQwwPGUIwRBCEAzhI6WnDhoWEuC4mxHFCvoozTFEgb0YqRgqH2CF9B7RrazaivcyZKrdHpwT0cnKaOCBPTDpOWJ5mqnimMkv2t9wTlVPebUx/V+cKiRW4JfYv30z5X5+sRaCPc1WDTzUlipHVeTpLproib25+qUpQhoQ4iXsU54Q95Zz12VSeVNUue+uo+JtSSlbuPa3N8C5vSQO2f45zHjQqZfukX Lk6LVWP9Kjz2MM+DmmeZ6jiEjXUVccf8YRno2aMjKlx/yk1ctqzi2/LePgAqU6TeA==</latexit>
|1, ci
<latexit sha1_base64="L/2fkrkFigxKmc2uNsPUxwRSB30=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZLptIbmxWRSKLW49Qfc6meJf6B/4Z0xBbWITkhy5txz7sy91419L5GW9ZozFhaXllfyq4 W19Y3NreL2TiOJUsF4nUV+JFquk3DfC3ldetLnrVhwJ3B93nSHFyreHHGReFF4Lccx7wbOIPT6HnMkUe07+5h1hBMOfH5TLFllSy9zHtgZKCFbtaj4gg56iMCQIgBHCEnYh4OEnjZsWIiJ62JCnCDk6TjHFAXypqTipHCIHdJ3QLt2xoa0VzkT7WZ0ik+vIKeJA/JEpBOE1Wmmjqc6s2J/yz3ROdXdxvR3s1wBsRK3xP7lmyn/61O1SPRxrmvwqKZYM6o6lmVJdVfUzc0vVUnKEBOncI/igjDTzlmfTe1JdO2qt46Ov2mlYtWeZdoU7+qWNGD75zjnQaNStk/Kl avTUvUoG3Uee9jHIc3zDFVcooa67vgjnvBs1IyRMTXuP6VGLvPs4tsyHj4AfhKTZg==</latexit>
|1, vi
<latexit sha1_base64="BLw6whwpzldmGir/DeSZIaDc9+4=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZJ0WkPzYjIplFrc+gNu9bPEP9C/8M44BbWITkhy5txz7sy9100CPxWW9ZozFhaXllfyq4 W19Y3NreL2TiONM+6xuhcHMW+5TsoCP2J14YuAtRLOnNANWNMdXsh4c8R46sfRtRgnrBs6g8jv+54jiGrf2cejDneiQcBuiiWrbKllzgNbgxL0qsXFF3TQQwwPGUIwRBCEAzhI6WnDhoWEuC4mxHFCvoozTFEgb0YqRgqH2CF9B7RrazaivcyZKrdHpwT0cnKaOCBPTDpOWJ5mqnimMkv2t9wTlVPebUx/V+cKiRW4JfYv30z5X5+sRaCPc1WDTzUlipHVeTpLproib25+qUpQhoQ4iXsU54Q95Zz12VSeVNUue+uo+JtSSlbuPa3N8C5vSQO2f45zHjQqZfukX Lk6LVWP9Kjz2MM+DmmeZ6jiEjXUVccf8YRno2aMjKlx/yk1ctqzi2/LePgAq7eTeQ==</latexit>
|2, ci
<latexit sha1_base64="fi9CfjAifaLR/UPwNvh4q4xIY3Q=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZLptIbmxWRSKLW49Qfc6meJf6B/4Z0xBbWITkhy5txz7sy91419L5GW9ZozFhaXllfyq4 W19Y3NreL2TiOJUsF4nUV+JFquk3DfC3ldetLnrVhwJ3B93nSHFyreHHGReFF4Lccx7wbOIPT6HnMkUe27yjHrCCcc+PymWLLKll7mPLAzUEK2alHxBR30EIEhRQCOEJKwDwcJPW3YsBAT18WEOEHI03GOKQrkTUnFSeEQO6TvgHbtjA1pr3Im2s3oFJ9eQU4TB+SJSCcIq9NMHU91ZsX+lnuic6q7jenvZrkCYiVuif3LN1P+16dqkejjXNfgUU2xZlR1LMuS6q6om5tfqpKUISZO4R7FBWGmnbM+m9qT6NpVbx0df9NKxao9y7Qp3tUtacD2z3HOg0albJ+UK 1enpepRNuo89rCPQ5rnGaq4RA113fFHPOHZqBkjY2rcf0qNXObZxbdlPHwAgHuTZw==</latexit>
|2, vi
<latexit sha1_base64="YtMwnsXUPLoGF7Yd77MV+zM+NT4=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZJ0WkPzYjIplFrc+gNu9bPEP9C/8M44BbWITkhy5txz7sy9100CPxWW9ZozFhaXllfyq4 W19Y3NreL2TiONM+6xuhcHMW+5TsoCP2J14YuAtRLOnNANWNMdXsh4c8R46sfRtRgnrBs6g8jv+54jiGrfVY5HHe5Eg4DdFEtW2VLLnAe2BiXoVYuLL+ighxgeMoRgiCAIB3CQ0tOGDQsJcV1MiOOEfBVnmKJA3oxUjBQOsUP6DmjX1mxEe5kzVW6PTgno5eQ0cUCemHScsDzNVPFMZZbsb7knKqe825j+rs4VEitwS+xfvpnyvz5Zi0Af56oGn2pKFCOr83SWTHVF3tz8UpWgDAlxEvcozgl7yjnrs6k8qapd9tZR8TellKzce1qb4V3ekgZs/xznPGhUyvZJu XJ1Wqoe6VHnsYd9HNI8z1DFJWqoq44/4gnPRs0YGVPj/lNq5LRnF9+W8fABriCTeg==</latexit>
|0,
ci
<latexit sha1_base64="oGTAGh5/1iv0s/EGajWNA1vL/1M=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZLptIbmxWRSKLW49Qfc6meJf6B/4Z0xBbWITkhy5txz7sy91419L5GW9ZozFhaXllfyq4W19Y3NreL2TiOJUsF4nUV+JFquk3DfC3ldetLnrVhwJ3B93nSHFyreHHGReFF4Lccx7wbOIPT6HnMkUe0765h1hBMOfH5 TLFllSy9zHtgZKCFbtaj4gg56iMCQIgBHCEnYh4OEnjZsWIiJ62JCnCDk6TjHFAXypqTipHCIHdJ3QLt2xoa0VzkT7WZ0ik+vIKeJA/JEpBOE1Wmmjqc6s2J/yz3ROdXdxvR3s1wBsRK3xP7lmyn/61O1SPRxrmvwqKZYM6o6lmVJdVfUzc0vVUnKEBOncI/igjDTzlmfTe1JdO2qt46Ov2mlYtWeZdoU7+qWNGD75zjnQaNStk/KlavTUvUoG3Uee9jHIc3zDFVcooa67vgjnvBs1IyRMTXuP6VGLvPs4tsyHj4Ae6mTZQ==</latexit> |0,
vi
<latexit sha1_base64="tzwkZ/0Y6Td4AI6OjHqK43bvwRw=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZJ0WkPzYjIplFrc+gNu9bPEP9C/8M44BbWITkhy5txz7sy9100CPxWW9ZozFhaXllfyq4W19Y3NreL2TiONM+6xuhcHMW+5TsoCP2J14YuAtRLOnNANWNMdXsh4c8R46sfRtRgnrBs6g8jv+54jiGrfWcejDneiQcB uiiWrbKllzgNbgxL0qsXFF3TQQwwPGUIwRBCEAzhI6WnDhoWEuC4mxHFCvoozTFEgb0YqRgqH2CF9B7RrazaivcyZKrdHpwT0cnKaOCBPTDpOWJ5mqnimMkv2t9wTlVPebUx/V+cKiRW4JfYv30z5X5+sRaCPc1WDTzUlipHVeTpLproib25+qUpQhoQ4iXsU54Q95Zz12VSeVNUue+uo+JtSSlbuPa3N8C5vSQO2f45zHjQqZfukXLk6LVWP9Kjz2MM+DmmeZ6jiEjXUVccf8YRno2aMjKlx/yk1ctqzi2/LePgAqU6TeA==</latexit> |1,
ci
<latexit sha1_base64="L/2fkrkFigxKmc2uNsPUxwRSB30=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZLptIbmxWRSKLW49Qfc6meJf6B/4Z0xBbWITkhy5txz7sy91419L5GW9ZozFhaXllfyq4W19Y3NreL2TiOJUsF4nUV+JFquk3DfC3ldetLnrVhwJ3B93nSHFyreHHGReFF4Lccx7wbOIPT6HnMkUe07+5h1hBMOfH5 TLFllSy9zHtgZKCFbtaj4gg56iMCQIgBHCEnYh4OEnjZsWIiJ62JCnCDk6TjHFAXypqTipHCIHdJ3QLt2xoa0VzkT7WZ0ik+vIKeJA/JEpBOE1Wmmjqc6s2J/yz3ROdXdxvR3s1wBsRK3xP7lmyn/61O1SPRxrmvwqKZYM6o6lmVJdVfUzc0vVUnKEBOncI/igjDTzlmfTe1JdO2qt46Ov2mlYtWeZdoU7+qWNGD75zjnQaNStk/KlavTUvUoG3Uee9jHIc3zDFVcooa67vgjnvBs1IyRMTXuP6VGLvPs4tsyHj4AfhKTZg==</latexit> |1,
vi
<latexit sha1_base64="BLw6whwpzldmGir/DeSZIaDc9+4=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZJ0WkPzYjIplFrc+gNu9bPEP9C/8M44BbWITkhy5txz7sy9100CPxWW9ZozFhaXllfyq4W19Y3NreL2TiONM+6xuhcHMW+5TsoCP2J14YuAtRLOnNANWNMdXsh4c8R46sfRtRgnrBs6g8jv+54jiGrf2cejDneiQcB uiiWrbKllzgNbgxL0qsXFF3TQQwwPGUIwRBCEAzhI6WnDhoWEuC4mxHFCvoozTFEgb0YqRgqH2CF9B7RrazaivcyZKrdHpwT0cnKaOCBPTDpOWJ5mqnimMkv2t9wTlVPebUx/V+cKiRW4JfYv30z5X5+sRaCPc1WDTzUlipHVeTpLproib25+qUpQhoQ4iXsU54Q95Zz12VSeVNUue+uo+JtSSlbuPa3N8C5vSQO2f45zHjQqZfukXLk6LVWP9Kjz2MM+DmmeZ6jiEjXUVccf8YRno2aMjKlx/yk1ctqzi2/LePgAq7eTeQ==</latexit> |2,
ci
<latexit sha1_base64="fi9CfjAifaLR/UPwNvh4q4xIY3Q=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZLptIbmxWRSKLW49Qfc6meJf6B/4Z0xBbWITkhy5txz7sy91419L5GW9ZozFhaXllfyq4W19Y3NreL2TiOJUsF4nUV+JFquk3DfC3ldetLnrVhwJ3B93nSHFyreHHGReFF4Lccx7wbOIPT6HnMkUe27yjHrCCcc+Py mWLLKll7mPLAzUEK2alHxBR30EIEhRQCOEJKwDwcJPW3YsBAT18WEOEHI03GOKQrkTUnFSeEQO6TvgHbtjA1pr3Im2s3oFJ9eQU4TB+SJSCcIq9NMHU91ZsX+lnuic6q7jenvZrkCYiVuif3LN1P+16dqkejjXNfgUU2xZlR1LMuS6q6om5tfqpKUISZO4R7FBWGmnbM+m9qT6NpVbx0df9NKxao9y7Qp3tUtacD2z3HOg0albJ+UK1enpepRNuo89rCPQ5rnGaq4RA113fFHPOHZqBkjY2rcf0qNXObZxbdlPHwAgHuTZw==</latexit> |2,
vi
<latexit sha1_base64="YtMwnsXUPLoGF7Yd77MV+zM+NT4=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZJ0WkPzYjIplFrc+gNu9bPEP9C/8M44BbWITkhy5txz7sy9100CPxWW9ZozFhaXllfyq4W19Y3NreL2TiONM+6xuhcHMW+5TsoCP2J14YuAtRLOnNANWNMdXsh4c8R46sfRtRgnrBs6g8jv+54jiGrfVY5HHe5Eg4D dFEtW2VLLnAe2BiXoVYuLL+ighxgeMoRgiCAIB3CQ0tOGDQsJcV1MiOOEfBVnmKJA3oxUjBQOsUP6DmjX1mxEe5kzVW6PTgno5eQ0cUCemHScsDzNVPFMZZbsb7knKqe825j+rs4VEitwS+xfvpnyvz5Zi0Af56oGn2pKFCOr83SWTHVF3tz8UpWgDAlxEvcozgl7yjnrs6k8qapd9tZR8TellKzce1qb4V3ekgZs/xznPGhUyvZJuXJ1Wqoe6VHnsYd9HNI8z1DFJWqoq44/4gnPRs0YGVPj/lNq5LRnF9+W8fABriCTeg==</latexit>
|0, ci
<latexit sha1_base64="oGTAGh5/1iv0s/EGajWNA1vL/1M=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZLptIbmxWRSKLW49Qfc6meJf6B/4Z0xBbWITkhy5txz7sy91419L5GW9ZozFhaXllfyq4W19Y3NreL2TiOJUsF4nUV+JFquk3DfC3ldetLnrVhwJ3B93nSHFyreHHGReFF4Lccx7wbOIPT6HnMkUe0765h1hBMOfH5TLFllSy9zHtgZKCFbtaj4gg56iMCQIgBHCEnYh4OEnjZsWIiJ62JCnCDk6TjHFAXypqTipHCIHdJ3 QLt2xoa0VzkT7WZ0ik+vIKeJA/JEpBOE1Wmmjqc6s2J/yz3ROdXdxvR3s1wBsRK3xP7lmyn/61O1SPRxrmvwqKZYM6o6lmVJdVfUzc0vVUnKEBOncI/igjDTzlmfTe1JdO2qt46Ov2mlYtWeZdoU7+qWNGD75zjnQaNStk/KlavTUvUoG3Uee9jHIc3zDFVcooa67vgjnvBs1IyRMTXuP6VGLvPs4tsyHj4Ae6mTZQ==</latexit>
|0, vi
<latexit sha1_base64="tzwkZ/0Y6Td4AI6OjHqK43bvwRw=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZJ0WkPzYjIplFrc+gNu9bPEP9C/8M44BbWITkhy5txz7sy9100CPxWW9ZozFhaXllfyq4W19Y3NreL2TiONM+6xuhcHMW+5TsoCP2J14YuAtRLOnNANWNMdXsh4c8R46sfRtRgnrBs6g8jv+54jiGrfWcejDneiQcBuiiWrbKllzgNbgxL0qsXFF3TQQwwPGUIwRBCEAzhI6WnDhoWEuC4mxHFCvoozTFEgb0YqRgqH2CF9 B7RrazaivcyZKrdHpwT0cnKaOCBPTDpOWJ5mqnimMkv2t9wTlVPebUx/V+cKiRW4JfYv30z5X5+sRaCPc1WDTzUlipHVeTpLproib25+qUpQhoQ4iXsU54Q95Zz12VSeVNUue+uo+JtSSlbuPa3N8C5vSQO2f45zHjQqZfukXLk6LVWP9Kjz2MM+DmmeZ6jiEjXUVccf8YRno2aMjKlx/yk1ctqzi2/LePgAqU6TeA==</latexit>
|1, ci
<latexit sha1_base64="L/2fkrkFigxKmc2uNsPUxwRSB30=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZLptIbmxWRSKLW49Qfc6meJf6B/4Z0xBbWITkhy5txz7sy91419L5GW9ZozFhaXllfyq4W19Y3NreL2TiOJUsF4nUV+JFquk3DfC3ldetLnrVhwJ3B93nSHFyreHHGReFF4Lccx7wbOIPT6HnMkUe07+5h1hBMOfH5TLFllSy9zHtgZKCFbtaj4gg56iMCQIgBHCEnYh4OEnjZsWIiJ62JCnCDk6TjHFAXypqTipHCIHdJ3 QLt2xoa0VzkT7WZ0ik+vIKeJA/JEpBOE1Wmmjqc6s2J/yz3ROdXdxvR3s1wBsRK3xP7lmyn/61O1SPRxrmvwqKZYM6o6lmVJdVfUzc0vVUnKEBOncI/igjDTzlmfTe1JdO2qt46Ov2mlYtWeZdoU7+qWNGD75zjnQaNStk/KlavTUvUoG3Uee9jHIc3zDFVcooa67vgjnvBs1IyRMTXuP6VGLvPs4tsyHj4AfhKTZg==</latexit>
|1, vi
<latexit sha1_base64="BLw6whwpzldmGir/DeSZIaDc9+4=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZJ0WkPzYjIplFrc+gNu9bPEP9C/8M44BbWITkhy5txz7sy9100CPxWW9ZozFhaXllfyq4W19Y3NreL2TiONM+6xuhcHMW+5TsoCP2J14YuAtRLOnNANWNMdXsh4c8R46sfRtRgnrBs6g8jv+54jiGrf2cejDneiQcBuiiWrbKllzgNbgxL0qsXFF3TQQwwPGUIwRBCEAzhI6WnDhoWEuC4mxHFCvoozTFEgb0YqRgqH2CF9 B7RrazaivcyZKrdHpwT0cnKaOCBPTDpOWJ5mqnimMkv2t9wTlVPebUx/V+cKiRW4JfYv30z5X5+sRaCPc1WDTzUlipHVeTpLproib25+qUpQhoQ4iXsU54Q95Zz12VSeVNUue+uo+JtSSlbuPa3N8C5vSQO2f45zHjQqZfukXLk6LVWP9Kjz2MM+DmmeZ6jiEjXUVccf8YRno2aMjKlx/yk1ctqzi2/LePgAq7eTeQ==</latexit>
|2, ci
<latexit sha1_base64="fi9CfjAifaLR/UPwNvh4q4xIY3Q=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZLptIbmxWRSKLW49Qfc6meJf6B/4Z0xBbWITkhy5txz7sy91419L5GW9ZozFhaXllfyq4W19Y3NreL2TiOJUsF4nUV+JFquk3DfC3ldetLnrVhwJ3B93nSHFyreHHGReFF4Lccx7wbOIPT6HnMkUe27yjHrCCcc+PymWLLKll7mPLAzUEK2alHxBR30EIEhRQCOEJKwDwcJPW3YsBAT18WEOEHI03GOKQrkTUnFSeEQO6Tv gHbtjA1pr3Im2s3oFJ9eQU4TB+SJSCcIq9NMHU91ZsX+lnuic6q7jenvZrkCYiVuif3LN1P+16dqkejjXNfgUU2xZlR1LMuS6q6om5tfqpKUISZO4R7FBWGmnbM+m9qT6NpVbx0df9NKxao9y7Qp3tUtacD2z3HOg0albJ+UK1enpepRNuo89rCPQ5rnGaq4RA113fFHPOHZqBkjY2rcf0qNXObZxbdlPHwAgHuTZw==</latexit>
|2, vi
<latexit sha1_base64="YtMwnsXUPLoGF7Yd77MV+zM+NT4=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZJ0WkPzYjIplFrc+gNu9bPEP9C/8M44BbWITkhy5txz7sy9100CPxWW9ZozFhaXllfyq4W19Y3NreL2TiONM+6xuhcHMW+5TsoCP2J14YuAtRLOnNANWNMdXsh4c8R46sfRtRgnrBs6g8jv+54jiGrfVY5HHe5Eg4DdFEtW2VLLnAe2BiXoVYuLL+ighxgeMoRgiCAIB3CQ0tOGDQsJcV1MiOOEfBVnmKJA3oxUjBQOsUP6 DmjX1mxEe5kzVW6PTgno5eQ0cUCemHScsDzNVPFMZZbsb7knKqe825j+rs4VEitwS+xfvpnyvz5Zi0Af56oGn2pKFCOr83SWTHVF3tz8UpWgDAlxEvcozgl7yjnrs6k8qapd9tZR8TellKzce1qb4V3ekgZs/xznPGhUyvZJuXJ1Wqoe6VHnsYd9HNI8z1DFJWqoq44/4gnPRs0YGVPj/lNq5LRnF9+W8fABriCTeg==</latexit>
|0,
ci
<latexit sha1_base64="oGTAGh5/1iv0s/EGajWNA1vL/1M=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZLptIbmxWRSKLW49Qfc6meJf6B/4Z0xBbWITkhy5txz7sy91419L5GW9ZozFhaXllfyq4W19Y3NreL2TiOJUsF4nUV+JFquk3DfC3ldetLnrVhwJ3B93nSHFyreHHGReFF4Lccx7wbOIPT6HnMkUe0765h1hBMOfH5 TLFllSy9zHtgZKCFbtaj4gg56iMCQIgBHCEnYh4OEnjZsWIiJ62JCnCDk6TjHFAXypqTipHCIHdJ3QLt2xoa0VzkT7WZ0ik+vIKeJA/JEpBOE1Wmmjqc6s2J/yz3ROdXdxvR3s1wBsRK3xP7lmyn/61O1SPRxrmvwqKZYM6o6lmVJdVfUzc0vVUnKEBOncI/igjDTzlmfTe1JdO2qt46Ov2mlYtWeZdoU7+qWNGD75zjnQaNStk/KlavTUvUoG3Uee9jHIc3zDFVcooa67vgjnvBs1IyRMTXuP6VGLvPs4tsyHj4Ae6mTZQ==</latexit> |0,
vi
<latexit sha1_base64="tzwkZ/0Y6Td4AI6OjHqK43bvwRw=">AAACznicjVHLSsNAFD2Nr1pfVZdugkUQkZJUQZcFNy4r2Ae0RZJ0WkPzYjIplFrc+gNu9bPEP9C/8M44BbWITkhy5txz7sy9100CPxWW9ZozFhaXllfyq4W19Y3NreL2TiONM+6xuhcHMW+5TsoCP2J14YuAtRLOnNANWNMdXsh4c8R46sfRtRgnrBs6g8jv+54jiGrfWcejDneiQcB uiiWrbKllzgNbgxL0qsXFF3TQQwwPGUIwRBCEAzhI6WnDhoWEuC4mxHFCvoozTFEgb0YqRgqH2CF9B7RrazaivcyZKrdHpwT0cnKaOCBPTDpOWJ5mqnimMkv2t9wTlVPebUx/V+cKiRW4JfYv30z5X5+sRaCPc1WDTzUlipHVeTpLproib25+qUpQhoQ4iXsU54Q95Zz12VSeVNUue+uo+JtSSlbuPa3N8C5vSQO2f45zHjQqZfukXLk6LVWP9Kjz2MM+DmmeZ6jiEjXUVccf8YRno2aMjKlx/yk1ctqzi2/LePgAqU6TeA==</latexit> |1,
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FIG. 4: (a)–(c) Small fraction of a quantum trajectory in
the regime of two-phonon emission. The insert bar graphs
show the total number of single- and two-phonon clicks over
20 quantum trajectories. (d)–(f) Full density matrices of
the system at the times indicated with purple arrows in the
trajectory, showing the cascade-emission process leading to
the bundle emission. System parameters are: λ/ωb = 0.1,
Ω/ωb = 0.2, κ/ωb = 0.002 and γ/ωb = 0.0004.
one can see how increasing λ and Ω speeds up the
anti-Stokes super-Rabi oscillations, as is also clear
from the approximate analytical solutions Ω
(n)
eff which
can be seen to provide an excellent agreement in all
three regimes. As shown below, higher frequencies of
anti-Stokes oscillations will yield higher n-phonon bundle
emission rates.
N-phonon bundle emission.—The system dissipation
has to be considered to trigger the emission. This
is implemented with a Lindblad-type master equation
dρ/dt = −i[H, ρ] + κL[b] + γL[σ] [70] where L[O] =
(2OρO†− ρO†O−O†Oρ)/2 and κ (γ) is the cavity (QD)
decay rate. Dissipation transfers the above intracavity
n-phonon states to bundles of strongly correlated
phonons outside of the cavity. A first unambiguous
evidence of strong correlations of the emitted phonons
is given by the equal-time nth-order phonon correlation
g(n) = 〈b†nbn〉/〈b†b〉n. Figure 3(a) shows the sharp
resonances to all orders of these correlation functions,
clearly associated to the anti-Stokes resonances ∆ =
−nωb in the weak-coupling and low-driving regime. The
influence of the electron-phonon coupling λ and of the
driving strength Ω on the phonon correlations are shown
in Figs. 3(b) and 3(c), respectively. With increasing λ
and Ω, the resonances in g(2) shift along the curves
∆ = ∆n(λ) and ∆ = ∆n(Ω), respectively. Figure 3
also shows collectively that the frequency differences
between the n and (n + 1)-phonon resonances (∼ ωb)
are almost independent of the value of n, which is
another clear signature of anti-Stokes resonances (cf.
Fig. 1). Interestingly, even for large n, the optimum
pumping frequency to realize n-phonon emission can
4be well resolved under the conditions ωb  κ, γ, since
the off-resonant phonon excitations are then strongly
suppressed. This allows high purity n-phonon emission
also for large n [64]. Since the order n of the bundle can
be controlled simply by adjusting the frequency of the
pumping laser, our proposal realizes a versatile optically
controlled multi-phonon source.
The correlation functions g(n) do not guarantee an
actual n-phonon emission, although it reveals strong
phonon correlations at the anti-Stokes resonances
(correlations between bundles themselves are addressed
through generalized correlation functions in the
supplementary material [64]). To prove n-phonon
emission, we turn to Monte Carlo simulations [16].
In this way, one can follow individual trajectories of
the system and record phonon clicks whenever the
system undergoes a quantum jump. Figures 4(a-c)
show a tiny fraction of a quantum trajectory during
a two-phonon emission (a larger fraction is shown in
the supplementary material) under the anti-Stokes
condition. In this segment, the two-phonon state is
initially occupied with a probability greater than 30%,
while the probability for the one-phonon state is smaller
than 0.1%. When the system undergoes a quantum
collapse of its wavefunction triggered by dissipation, it
is thus exceedingly more likely to realize the two-phonon
state. This occurs with the emission of a first phonon
that leaves the system in the one-phonon state with
almost unit probability, also highly likely to be emitted
during the cavity lifetime, and thus shortly after the first
phonon, completing the two-phonon bundle emission. As
a result, the system has emitted two strongly-correlated
phonons in a very short temporal window. The system
that is left in the phonon-vacuum and the excited state
of the QD can then resume the cycle after a direct
photon emission |0, c〉 → |0, v〉 from the QD flip. In
the next cycle, the system undergoes the same cascade
emission of phonon pair, each accompanied by a single
photon emission, which can be used for heralding
purposes (e.g., with a delay line). The emitted single
photon does not disturb the phonon bundle thanks to
their different nature. The insert bar graphs in Fig. 4(a)
show that the overall two-phonon emission is the largely
dominant process in this regime, chosen as the optimal
two-phonon resonant condition including the influence
of the electron-phonon coupling and of the driving laser.
This corresponds to two-phonon emission rates as high
as ≈ 1.8 × 109/s when ωb/2pi = 1 THz, for the chosen
values of Ω and λ. The emitted n-phonon bundle has
an intrinsic and characteristic temporal structure as a
result of its dynamical character, which corresponds to
the spontaneous emission of a Fock state [16]. As shown
in Figs. 4(d)–4(f), initially, the system is essentially in a
quantum superposition of the states |0, v〉 and |n, c〉. It
then experiences a rapid cascade emission through the
Fock states |ni〉 (0 ≤ ni ≤ n) in a short time window.
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<latexit sha1_base64="7+JntQAMDARFFkHOGiLnlJJSOSo=">AAACynicjVHLSsNAFD2Nr1pfVZdugkVwY0 mqoMuCGxcuKtgH1CpJOq2DaRImE6GE7vwBt/ph4h/oX3hnnIJaRCckOXPuOXfm3usnIU+l47wWrLn5hcWl4nJpZXVtfaO8udVK40wErBnEYSw6vpeykEesKbkMWScRzBv5IWv7d6cq3r5nIuVxdCnHCeuNvGHEBzzwJFFt17nO D9zJTbniVB297FngGlCBWY24/IIr9BEjQIYRGCJIwiE8pPR04cJBQlwPOXGCENdxhglK5M1IxUjhEXtH3yHtuoaNaK9yptod0CkhvYKcNvbIE5NOEFan2Tqe6cyK/S13rnOqu43p75tcI2Ilbon9yzdV/tenapEY4ETXwKmmRD OqusBkyXRX1M3tL1VJypAQp3Cf4oJwoJ3TPtvak+raVW89HX/TSsWqfWC0Gd7VLWnA7s9xzoJWreoeVmsXR5V6zYy6iB3sYp/meYw6ztBAU1f5iCc8W+eWsMZW/im1CsazjW/LevgAJO2RSg==</latexit>
10 3
<latexit sha1_base64="vuuQ4A36vlEAEza7YJ3Nsh7IWUI=">AAACynicjVHLSsNAFD2Nr1pfVZdugkVwY0 laQZcFNy5cVLAPqFWS6bSG5sVkIpTQnT/gVj9M/AP9C++MKahFdEKSM+eec2fuvW7se4m0rNeCsbC4tLxSXC2trW9sbpW3d9pJlArGWyzyI9F1nYT7Xshb0pM+78aCO4Hr8447PlPxzj0XiReFV3IS837gjEJv6DFHEtWxrZvs qD69LVesqqWXOQ/sHFSQr2ZUfsE1BojAkCIARwhJ2IeDhJ4ebFiIiesjI04Q8nScY4oSeVNScVI4xI7pO6JdL2dD2quciXYzOsWnV5DTxAF5ItIJwuo0U8dTnVmxv+XOdE51twn93TxXQKzEHbF/+WbK//pULRJDnOoaPKop1o yqjuVZUt0VdXPzS1WSMsTEKTyguCDMtHPWZ1N7El276q2j429aqVi1Z7k2xbu6JQ3Y/jnOedCuVe16tXZ5XGnU8lEXsYd9HNI8T9DAOZpo6Sof8YRn48IQxsTIPqVGIffs4tsyHj4AKa+RTA==</latexit>
10 2
<latexit sha1_base64="O+VacY1RtqySHpS2PrsQjJ7YcJw=">AAACynicjVHLSsNAFD2Nr1pfVZdugkVwY0 mioMuCGxcuKtgH1CpJOq3BvJhMhBK68wfc6oeJf6B/4Z1xCmoRnZDkzLnn3Jl7r5eGQSYs67VkzM0vLC6Vlysrq2vrG9XNrXaW5NxnLT8JE9713IyFQcxaIhAh66acuZEXso53dyrjnXvGsyCJL8U4Zf3IHcXBMPBdQVTHtq6L A2dyU61ZdUstcxbYGtSgVzOpvuAKAyTwkSMCQwxBOISLjJ4ebFhIieujII4TClScYYIKeXNSMVK4xN7Rd0S7nmZj2sucmXL7dEpILyeniT3yJKTjhOVppornKrNkf8tdqJzybmP6ezpXRKzALbF/+abK//pkLQJDnKgaAqopVY ysztdZctUVeXPzS1WCMqTESTygOCfsK+e0z6byZKp22VtXxd+UUrJy72ttjnd5Sxqw/XOcs6Dt1O3DunNxVGs4etRl7GAX+zTPYzRwhiZaqspHPOHZODe4MTaKT6lR0p5tfFvGwwcnTpFL</latexit>
10 4
<latexit sha1_base64="6ZclGZQRpwmKCNxv5WtrULVGE4E=">AAACynicjVHLSsNAFD2Nr1pfVZdugkVwY0 lqQZcFNy5cVLAPqFWS6bSG5sVkIpTQnT/gVj9M/AP9C++MKahFdEKSM+eec2fuvW7se4m0rNeCsbC4tLxSXC2trW9sbpW3d9pJlArGWyzyI9F1nYT7Xshb0pM+78aCO4Hr8447PlPxzj0XiReFV3IS837gjEJv6DFHEtWxrZvs qD69LVesqqWXOQ/sHFSQr2ZUfsE1BojAkCIARwhJ2IeDhJ4ebFiIiesjI04Q8nScY4oSeVNScVI4xI7pO6JdL2dD2quciXYzOsWnV5DTxAF5ItIJwuo0U8dTnVmxv+XOdE51twn93TxXQKzEHbF/+WbK//pULRJDnOoaPKop1o yqjuVZUt0VdXPzS1WSMsTEKTyguCDMtHPWZ1N7El276q2j429aqVi1Z7k2xbu6JQ3Y/jnOedCuVe3jau2yXmnU8lEXsYd9HNI8T9DAOZpo6Sof8YRn48IQxsTIPqVGIffs4tsyHj4ALBCRTQ==</latexit>
100
<latexit sha1_base64="+I5pSWjgDEOS6QiueS2o0SNsWYw=">AAACyXicjVHLSsNAFD2Nr1pfVZdugkVwVZIq6LLgRnBTwT6gVknSaR2bl5OJWEtX/oBb/THxD/QvvDOmoBbRCUnOnHvPmbn3urHPE2lZrzljZnZufiG/WFh aXlldK65vNJIoFR6re5EfiZbrJMznIatLLn3WigVzAtdnTXdwpOLNWyYSHoVnchizTuD0Q97jniOJatjWxcgaXxZLVtnSy5wGdgZKyFYtKr7gHF1E8JAiAEMISdiHg4SeNmxYiInrYEScIMR1nGGMAmlTymKU4RA7oG+fdu2MDWmvPBOt9ugUn15BShM7pIkoTxBWp5k6nmpnxf7mPdKe6m5D+ruZV0CsxBWxf+kmmf/VqVokejjUNXCqKdaMqs7LXFLdFXVz80tVkhxi4hTuUlwQ9rRy0mdTaxJdu+qto+NvOlOxau9luSne1S1pwPbPcU6DRqVs75Urp/ulaiUb dR5b2MYuzfMAVRyjhjp5X+MRT3g2Towb4864/0w1cplmE9+W8fABkD+REg==</latexit>
10 1
<latexit sha1_base64="7+JntQAMDARFFkHOGiLnlJJSOSo=">AAACynicjVHLSsNAFD2Nr1pfVZdugkVwY0mqoMuCGxcuKtgH1CpJOq2DaRImE6GE7vwBt/ph4h/oX3hnnIJaRCckOXPuOXfm3usnIU+l47wWrLn5hcWl4nJ pZXVtfaO8udVK40wErBnEYSw6vpeykEesKbkMWScRzBv5IWv7d6cq3r5nIuVxdCnHCeuNvGHEBzzwJFFt17nOD9zJTbniVB297FngGlCBWY24/IIr9BEjQIYRGCJIwiE8pPR04cJBQlwPOXGCENdxhglK5M1IxUjhEXtH3yHtuoaNaK9yptod0CkhvYKcNvbIE5NOEFan2Tqe6cyK/S13rnOqu43p75tcI2Ilbon9yzdV/tenapEY4ETXwKmmRDOqusBkyXRX1M3tL1VJypAQp3Cf4oJwoJ3TPtvak+raVW89HX/TSsWqfWC0Gd7VLWnA7s9xzoJWreoeVmsXR5V6 zYy6iB3sYp/meYw6ztBAU1f5iCc8W+eWsMZW/im1CsazjW/LevgAJO2RSg==</latexit>
10 2
<latexit sha1_base64="O+VacY1RtqySHpS2PrsQjJ7YcJw=">AAACynicjVHLSsNAFD2Nr1pfVZdugkVwY0 mioMuCGxcuKtgH1CpJOq3BvJhMhBK68wfc6oeJf6B/4Z1xCmoRnZDkzLnn3Jl7r5eGQSYs67VkzM0vLC6Vlysrq2vrG9XNrXaW5NxnLT8JE9713IyFQcxaIhAh66acuZEXso53dyrjnXvGsyCJL8U4Zf3IHcXBMPBdQVTHtq6L A2dyU61ZdUstcxbYGtSgVzOpvuAKAyTwkSMCQwxBOISLjJ4ebFhIieujII4TClScYYIKeXNSMVK4xN7Rd0S7nmZj2sucmXL7dEpILyeniT3yJKTjhOVppornKrNkf8tdqJzybmP6ezpXRKzALbF/+abK//pkLQJDnKgaAqopVY ysztdZctUVeXPzS1WCMqTESTygOCfsK+e0z6byZKp22VtXxd+UUrJy72ttjnd5Sxqw/XOcs6Dt1O3DunNxVGs4etRl7GAX+zTPYzRwhiZaqspHPOHZODe4MTaKT6lR0p5tfFvGwwcnTpFL</latexit>
10 3
<latexit sha1_base64="vuuQ4A36vlEAEza7YJ3Nsh7IWUI=">AAACynicjVHLSsNAFD2Nr1pfVZdugkVwY0 laQZcFNy5cVLAPqFWS6bSG5sVkIpTQnT/gVj9M/AP9C++MKahFdEKSM+eec2fuvW7se4m0rNeCsbC4tLxSXC2trW9sbpW3d9pJlArGWyzyI9F1nYT7Xshb0pM+78aCO4Hr8447PlPxzj0XiReFV3IS837gjEJv6DFHEtWxrZvs qD69LVesqqWXOQ/sHFSQr2ZUfsE1BojAkCIARwhJ2IeDhJ4ebFiIiesjI04Q8nScY4oSeVNScVI4xI7pO6JdL2dD2quciXYzOsWnV5DTxAF5ItIJwuo0U8dTnVmxv+XOdE51twn93TxXQKzEHbF/+WbK//pULRJDnOoaPKop1o yqjuVZUt0VdXPzS1WSMsTEKTyguCDMtHPWZ1N7El276q2j429aqVi1Z7k2xbu6JQ3Y/jnOedCuVe16tXZ5XGnU8lEXsYd9HNI8T9DAOZpo6Sof8YRn48IQxsTIPqVGIffs4tsyHj4AKa+RTA==</latexit>
10 4
<latexit sha1_base64="6ZclGZQRpwmKCNxv5WtrULVGE4E=">AAACynicjVHLSsNAFD2Nr1pfVZdugkVwY0 lqQZcFNy5cVLAPqFWS6bSG5sVkIpTQnT/gVj9M/AP9C++MKahFdEKSM+eec2fuvW7se4m0rNeCsbC4tLxSXC2trW9sbpW3d9pJlArGWyzyI9F1nYT7Xshb0pM+78aCO4Hr8447PlPxzj0XiReFV3IS837gjEJv6DFHEtWxrZvs qD69LVesqqWXOQ/sHFSQr2ZUfsE1BojAkCIARwhJ2IeDhJ4ebFiIiesjI04Q8nScY4oSeVNScVI4xI7pO6JdL2dD2quciXYzOsWnV5DTxAF5ItIJwuo0U8dTnVmxv+XOdE51twn93TxXQKzEHbF/+WbK//pULRJDnOoaPKop1o yqjuVZUt0VdXPzS1WSMsTEKTyguCDMtHPWZ1N7El276q2j429aqVi1Z7k2xbu6JQ3Y/jnOedCuVe3jau2yXmnU8lEXsYd9HNI8T9DAOZpo6Sof8YRn48IQxsTIPqVGIffs4tsyHj4ALBCRTQ==</latexit>
0.02
<latexit sha1_base64="py4dvhwvtoGaJ/a80imSUIsNskI=">AAACx3icjVHLSgMxFD0dX7W+qi7dDBbBVZ mpgi4LbnRXwbZCLTKTpm3ovJjJFEtx4Q+41T8T/0D/wpuYglpEM0xycu49J7m5fhKITDrOa8FaWFxaXimultbWNza3yts7rSzOU8abLA7i9Nr3Mh6IiDelkAG/TlLuhX7A2/7oTMXbY55mIo6u5CTh3dAbRKIvmCcV5VSd2m25 Qose9jxwDajAjEZcfsENeojBkCMERwRJOICHjL4OXDhIiOtiSlxKSOg4xz1KpM0pi1OGR+yI5gHtOoaNaK88M61mdEpAf0pKGwekiSkvJaxOs3U8186K/c17qj3V3Sa0+sYrJFZiSOxfulnmf3WqFok+TnUNgmpKNKOqY8Yl16 +ibm5/qUqSQ0Kcwj2Kp4SZVs7e2daaTNeu3tbT8TedqVi1ZyY3x7u6JTXY/dnOedCqVd2jau3yuFKvmVYXsYd9HFI/T1DHORpokvcQj3jCs3VhxdbYuvtMtQpGs4tvw3r4AIULj9c=</latexit>
0.06
<latexit sha1_base64="OENqfg6sKAV8GBPvFEJclx+Tk1M=">AAACx3icjVHLSsNAFD2Nr1pfVZdugkVwVZ Iq6rLgRncV7ANqkWQ6bUPTJEwmxVJc+ANu9c/EP9C/8M44BbWITsjMmXPvOTN3rp+EQSod5zVnLSwuLa/kVwtr6xubW8XtnUYaZ4LxOovDWLR8L+VhEPG6DGTIW4ng3sgPedMfnqt4c8xFGsTRtZwkvDPy+lHQC5gnFeWUnZPb YokWPex54BpQghm1uPiCG3QRgyHDCBwRJOEQHlL62nDhICGugylxglCg4xz3KJA2oyxOGR6xQ5r7tGsbNqK98ky1mtEpIf2ClDYOSBNTniCsTrN1PNPOiv3Ne6o91d0mtPrGa0SsxIDYv3SzzP/qVC0SPZzpGgKqKdGMqo4Zl0 y/irq5/aUqSQ4JcQp3KS4IM62cvbOtNamuXb2tp+NvOlOxas9MboZ3dUtqsPuznfOgUSm7R+XK1XGpWjGtzmMP+zikfp6iigvUUCfvAR7xhGfr0oqtsXX3mWrljGYX34b18AGOi4/b</latexit> 0.1
<latexit sha1_base64="rXri1McuknKIJ4C7B8xuGE0XVNI=">AAACxnicjVHLSsNAFD2Nr1pfVZdugkVwFZ Iq6LLgpsuK9gG1SDKd1qFpEiYTpRTBH3Crnyb+gf6Fd8YU1CI6IcmZc+85M/feIAlFqlz3tWAtLC4trxRXS2vrG5tb5e2dVhpnkvEmi8NYdgI/5aGIeFMJFfJOIrk/DkLeDkZnOt6+5TIVcXSpJgnvjf1hJAaC+YqoC9fxrssV 13HNsueBl4MK8tWIyy+4Qh8xGDKMwRFBEQ7hI6WnCw8uEuJ6mBInCQkT57hHibQZZXHK8Ikd0XdIu27ORrTXnqlRMzolpFeS0sYBaWLKk4T1abaJZ8ZZs795T42nvtuE/kHuNSZW4YbYv3SzzP/qdC0KA5yaGgTVlBhGV8dyl8 x0Rd/c/lKVIoeEOI37FJeEmVHO+mwbTWpq1731TfzNZGpW71mem+Fd35IG7P0c5zxoVR3vyKmeH1dq1XzURexhH4c0zxPUUEcDTfIe4hFPeLbqVmRl1t1nqlXINbv4tqyHD+pKj5w=</latexit>
0.14
<latexit sha1_base64="cNHCqZhl8yQd6+ol2vF+GsizQGE=">AAACx3icjVHLSsNAFD2Nr1pfVZdugkVwFZ Ja0GXBje4q2AfUIkk6bYfmxWRSLMWFP+BW/0z8A/0L74wpqEV0QpIz595zZu69XhLwVNr2a8FYWl5ZXSuulzY2t7Z3yrt7rTTOhM+afhzEouO5KQt4xJqSy4B1EsHc0AtY2xufq3h7wkTK4+haThPWC91hxAfcd6WibMup3ZYr tmXrZS4CJwcV5KsRl19wgz5i+MgQgiGCJBzARUpPFw5sJMT1MCNOEOI6znCPEmkzymKU4RI7pu+Qdt2cjWivPFOt9umUgF5BShNHpIkpTxBWp5k6nmlnxf7mPdOe6m5T+nu5V0isxIjYv3TzzP/qVC0SA5zpGjjVlGhGVefnLp nuirq5+aUqSQ4JcQr3KS4I+1o577OpNamuXfXW1fE3nalYtffz3Azv6pY0YOfnOBdBq2o5J1b1qlapV/NRF3GAQxzTPE9RxwUaaJL3CI94wrNxacTGxLj7TDUKuWYf35bx8AGMLI/a</latexit>
0.02
<latexit sha1_base64="py4dvhwvtoGaJ/a80imSUIsNskI=">AAACx3icjVHLSgMxFD0dX7W+qi7dDBbBVZ mpgi4LbnRXwbZCLTKTpm3ovJjJFEtx4Q+41T8T/0D/wpuYglpEM0xycu49J7m5fhKITDrOa8FaWFxaXimultbWNza3yts7rSzOU8abLA7i9Nr3Mh6IiDelkAG/TlLuhX7A2/7oTMXbY55mIo6u5CTh3dAbRKIvmCcV5VSd2m25 Qose9jxwDajAjEZcfsENeojBkCMERwRJOICHjL4OXDhIiOtiSlxKSOg4xz1KpM0pi1OGR+yI5gHtOoaNaK88M61mdEpAf0pKGwekiSkvJaxOs3U8186K/c17qj3V3Sa0+sYrJFZiSOxfulnmf3WqFok+TnUNgmpKNKOqY8Yl16 +ibm5/qUqSQ0Kcwj2Kp4SZVs7e2daaTNeu3tbT8TedqVi1ZyY3x7u6JTXY/dnOedCqVd2jau3yuFKvmVYXsYd9HFI/T1DHORpokvcQj3jCs3VhxdbYuvtMtQpGs4tvw3r4AIULj9c=</latexit>
0.06
<latexit sha1_base64="OENqfg6sKAV8GBPvFEJclx+Tk1M=">AAACx3icjVHLSsNAFD2Nr1pfVZdugkVwVZ Iq6rLgRncV7ANqkWQ6bUPTJEwmxVJc+ANu9c/EP9C/8M44BbWITsjMmXPvOTN3rp+EQSod5zVnLSwuLa/kVwtr6xubW8XtnUYaZ4LxOovDWLR8L+VhEPG6DGTIW4ng3sgPedMfnqt4c8xFGsTRtZwkvDPy+lHQC5gnFeWUnZPb YokWPex54BpQghm1uPiCG3QRgyHDCBwRJOEQHlL62nDhICGugylxglCg4xz3KJA2oyxOGR6xQ5r7tGsbNqK98ky1mtEpIf2ClDYOSBNTniCsTrN1PNPOiv3Ne6o91d0mtPrGa0SsxIDYv3SzzP/qVC0SPZzpGgKqKdGMqo4Zl0 y/irq5/aUqSQ4JcQp3KS4IM62cvbOtNamuXb2tp+NvOlOxas9MboZ3dUtqsPuznfOgUSm7R+XK1XGpWjGtzmMP+zikfp6iigvUUCfvAR7xhGfr0oqtsXX3mWrljGYX34b18AGOi4/b</latexit>
0.1
<latexit sha1_base64="rXri1McuknKIJ4C7B8xuGE0XVNI=">AAACxnicjVHLSsNAFD2Nr1pfVZdugkVwFZ Iq6LLgpsuK9gG1SDKd1qFpEiYTpRTBH3Crnyb+gf6Fd8YU1CI6IcmZc+85M/feIAlFqlz3tWAtLC4trxRXS2vrG5tb5e2dVhpnkvEmi8NYdgI/5aGIeFMJFfJOIrk/DkLeDkZnOt6+5TIVcXSpJgnvjf1hJAaC+YqoC9fxrssV 13HNsueBl4MK8tWIyy+4Qh8xGDKMwRFBEQ7hI6WnCw8uEuJ6mBInCQkT57hHibQZZXHK8Ikd0XdIu27ORrTXnqlRMzolpFeS0sYBaWLKk4T1abaJZ8ZZs795T42nvtuE/kHuNSZW4YbYv3SzzP/qdC0KA5yaGgTVlBhGV8dyl8 x0Rd/c/lKVIoeEOI37FJeEmVHO+mwbTWpq1731TfzNZGpW71mem+Fd35IG7P0c5zxoVR3vyKmeH1dq1XzURexhH4c0zxPUUEcDTfIe4hFPeLbqVmRl1t1nqlXINbv4tqyHD+pKj5w=</latexit>
0.14
<latexit sha1_base64="cNHCqZhl8yQd6+ol2vF+GsizQGE=">AAACx3icjVHLSsNAFD2Nr1pfVZdugkVwFZ Ja0GXBje4q2AfUIkk6bYfmxWRSLMWFP+BW/0z8A/0L74wpqEV0QpIz595zZu69XhLwVNr2a8FYWl5ZXSuulzY2t7Z3yrt7rTTOhM+afhzEouO5KQt4xJqSy4B1EsHc0AtY2xufq3h7wkTK4+haThPWC91hxAfcd6WibMup3ZYr tmXrZS4CJwcV5KsRl19wgz5i+MgQgiGCJBzARUpPFw5sJMT1MCNOEOI6znCPEmkzymKU4RI7pu+Qdt2cjWivPFOt9umUgF5BShNHpIkpTxBWp5k6nmlnxf7mPdOe6m5T+nu5V0isxIjYv3TzzP/qVC0SA5zpGjjVlGhGVefnLp nuirq5+aUqSQ4JcQr3KS4I+1o577OpNamuXfXW1fE3nalYtffz3Azv6pY0YOfnOBdBq2o5J1b1qlapV/NRF3GAQxzTPE9RxwUaaJL3CI94wrNxacTGxLj7TDUKuWYf35bx8AGMLI/a</latexit>
0.02
<latexit sha1_base64="py4dvhwvtoGaJ/a80imSUIsNskI=">AAACx3icjVHLSgMxFD0dX7W+qi7dDBbBVZ mpgi4LbnRXwbZCLTKTpm3ovJjJFEtx4Q+41T8T/0D/wpuYglpEM0xycu49J7m5fhKITDrOa8FaWFxaXimultbWNza3yts7rSzOU8abLA7i9Nr3Mh6IiDelkAG/TlLuhX7A2/7oTMXbY55mIo6u5CTh3dAbRKIvmCcV5VSd2m25 Qose9jxwDajAjEZcfsENeojBkCMERwRJOICHjL4OXDhIiOtiSlxKSOg4xz1KpM0pi1OGR+yI5gHtOoaNaK88M61mdEpAf0pKGwekiSkvJaxOs3U8186K/c17qj3V3Sa0+sYrJFZiSOxfulnmf3WqFok+TnUNgmpKNKOqY8Yl16 +ibm5/qUqSQ0Kcwj2Kp4SZVs7e2daaTNeu3tbT8TedqVi1ZyY3x7u6JTXY/dnOedCqVd2jau3yuFKvmVYXsYd9HFI/T1DHORpokvcQj3jCs3VhxdbYuvtMtQpGs4tvw3r4AIULj9c=</latexit>
0.06
<latexit sha1_base64="OENqfg6sKAV8GBPvFEJclx+Tk1M=">AAACx3icjVHLSsNAFD2Nr1pfVZdugkVwVZ Iq6rLgRncV7ANqkWQ6bUPTJEwmxVJc+ANu9c/EP9C/8M44BbWITsjMmXPvOTN3rp+EQSod5zVnLSwuLa/kVwtr6xubW8XtnUYaZ4LxOovDWLR8L+VhEPG6DGTIW4ng3sgPedMfnqt4c8xFGsTRtZwkvDPy+lHQC5gnFeWUnZPb YokWPex54BpQghm1uPiCG3QRgyHDCBwRJOEQHlL62nDhICGugylxglCg4xz3KJA2oyxOGR6xQ5r7tGsbNqK98ky1mtEpIf2ClDYOSBNTniCsTrN1PNPOiv3Ne6o91d0mtPrGa0SsxIDYv3SzzP/qVC0SPZzpGgKqKdGMqo4Zl0 y/irq5/aUqSQ4JcQp3KS4IM62cvbOtNamuXb2tp+NvOlOxas9MboZ3dUtqsPuznfOgUSm7R+XK1XGpWjGtzmMP+zikfp6iigvUUCfvAR7xhGfr0oqtsXX3mWrljGYX34b18AGOi4/b</latexit>
0.1
<latexit sha1_base64="rXri1McuknKIJ4C7B8xuGE0XVNI=">AAACxnicjVHLSsNAFD2Nr1pfVZdugkVwFZIq6LLgpsuK9gG1SDKd1qFpEiYTpRTBH3Crnyb+gf6Fd8YU1CI6IcmZc+85M/feIAlFqlz3tWAtLC4trxRXS2v rG5tb5e2dVhpnkvEmi8NYdgI/5aGIeFMJFfJOIrk/DkLeDkZnOt6+5TIVcXSpJgnvjf1hJAaC+YqoC9fxrssV13HNsueBl4MK8tWIyy+4Qh8xGDKMwRFBEQ7hI6WnCw8uEuJ6mBInCQkT57hHibQZZXHK8Ikd0XdIu27ORrTXnqlRMzolpFeS0sYBaWLKk4T1abaJZ8ZZs795T42nvtuE/kHuNSZW4YbYv3SzzP/qdC0KA5yaGgTVlBhGV8dyl8x0Rd/c/lKVIoeEOI37FJeEmVHO+mwbTWpq1731TfzNZGpW71mem+Fd35IG7P0c5zxoVR3vyKmeH1dq1XzURexh H4c0zxPUUEcDTfIe4hFPeLbqVmRl1t1nqlXINbv4tqyHD+pKj5w=</latexit>
0.14
<latexit sha1_base64="cNHCqZhl8yQd6+ol2vF+GsizQGE=">AAACx3icjVHLSsNAFD2Nr1pfVZdugkVwFZJa0GXBje4q2AfUIkk6bYfmxWRSLMWFP+BW/0z8A/0L74wpqEV0QpIz595zZu69XhLwVNr2a8FYWl5ZXSuulzY 2t7Z3yrt7rTTOhM+afhzEouO5KQt4xJqSy4B1EsHc0AtY2xufq3h7wkTK4+haThPWC91hxAfcd6WibMup3ZYrtmXrZS4CJwcV5KsRl19wgz5i+MgQgiGCJBzARUpPFw5sJMT1MCNOEOI6znCPEmkzymKU4RI7pu+Qdt2cjWivPFOt9umUgF5BShNHpIkpTxBWp5k6nmlnxf7mPdOe6m5T+nu5V0isxIjYv3TzzP/qVC0SA5zpGjjVlGhGVefnLpnuirq5+aUqSQ4JcQr3KS4I+1o577OpNamuXfXW1fE3nalYtffz3Azv6pY0YOfnOBdBq2o5J1b1qlapV/NRF3GA QxzTPE9RxwUaaJL3CI94wrNxacTGxLj7TDUKuWYf35bx8AGMLI/a</latexit>
0
<latexit sha1_base64="8+uwRsGeRpgxOJ0vD6TjxdG7abs=">AAACxHicjVHLSsNAFD2Nr1pfVZdugkVwVZ Iq6LIgiMsWbC3UIsl0WodOk5BMhFL0B9zqt4l/oH/hnXEKahGdkOTMufecmXtvmEiRKc97LTgLi0vLK8XV0tr6xuZWeXunncV5yniLxTJOO2GQcSki3lJCSd5JUh6MQ8mvwtGZjl/d8TQTcXSpJgnvjYNhJAaCBYqopndTrnhV zyx3HvgWVGBXIy6/4Bp9xGDIMQZHBEVYIkBGTxc+PCTE9TAlLiUkTJzjHiXS5pTFKSMgdkTfIe26lo1orz0zo2Z0iqQ3JaWLA9LElJcS1qe5Jp4bZ83+5j01nvpuE/qH1mtMrMItsX/pZpn/1elaFAY4NTUIqikxjK6OWZfcdE Xf3P1SlSKHhDiN+xRPCTOjnPXZNZrM1K57G5j4m8nUrN4zm5vjXd+SBuz/HOc8aNeq/lG11jyu1Gt21EXsYR+HNM8T1HGBBlrG+xFPeHbOHelkTv6Z6hSsZhfflvPwAbyLjyk=</latexit>
0.5
<latexit sha1_base64="y8tA+ixc/cGs2f7M2UPN1UBgAfQ=">AAACxnicjVHLSsNAFD2Nr1pfVZdugkVwFZ Kq6LLgpsuK9gG1SDKd1qFpEiYTRYrgD7jVTxP/QP/CO2MKahGdkOTMufecmXtvkIQiVa77WrDm5hcWl4rLpZXVtfWN8uZWK40zyXiTxWEsO4Gf8lBEvKmECnknkdwfByFvB6NTHW/fcJmKOLpQdwnvjf1hJAaC+Yqoc9c5uipX XMc1y54FXg4qyFcjLr/gEn3EYMgwBkcERTiEj5SeLjy4SIjrYUKcJCRMnOMeJdJmlMUpwyd2RN8h7bo5G9Fee6ZGzeiUkF5JSht7pIkpTxLWp9kmnhlnzf7mPTGe+m539A9yrzGxCtfE/qWbZv5Xp2tRGODE1CCopsQwujqWu2 SmK/rm9peqFDkkxGncp7gkzIxy2mfbaFJTu+6tb+JvJlOzes/y3Azv+pY0YO/nOGdBq+p4B0717LBSq+ajLmIHu9ineR6jhjoaaJL3EI94wrNVtyIrs24/U61CrtnGt2U9fADzyo+g</latexit>
1<latexit sha1_base64="/rdZpFHPOYbOmcg2Rsz0lgcuxzg=">AAACxHicjVHLSsNAFD2Nr1pfVZdugkVwVZ Iq6LIgiMsWbC3UIkk6rUOnSchMhFL0B9zqt4l/oH/hnXEKahGdkOTMufecmXtvmAoulee9FpyFxaXlleJqaW19Y3OrvL3TlkmeRawVJSLJOmEgmeAxaymuBOukGQvGoWBX4ehMx6/uWCZ5El+qScp642AY8wGPAkVU078pV7yq Z5Y7D3wLKrCrkZRfcI0+EkTIMQZDDEVYIICkpwsfHlLiepgSlxHiJs5wjxJpc8pilBEQO6LvkHZdy8a0157SqCM6RdCbkdLFAWkSyssI69NcE8+Ns2Z/854aT323Cf1D6zUmVuGW2L90s8z/6nQtCgOcmho41ZQaRlcXWZfcdE Xf3P1SlSKHlDiN+xTPCEdGOeuzazTS1K57G5j4m8nUrN5HNjfHu74lDdj/Oc550K5V/aNqrXlcqdfsqIvYwz4OaZ4nqOMCDbSM9yOe8OycO8KRTv6Z6hSsZhfflvPwAb7rjyo=</latexit>
0
<latexit sha1_base64="8+uwRsGeRpgxOJ0vD6TjxdG7abs=">AAACxHicjVHLSsNAFD2Nr1pfVZdugkVwVZ Iq6LIgiMsWbC3UIsl0WodOk5BMhFL0B9zqt4l/oH/hnXEKahGdkOTMufecmXtvmEiRKc97LTgLi0vLK8XV0tr6xuZWeXunncV5yniLxTJOO2GQcSki3lJCSd5JUh6MQ8mvwtGZjl/d8TQTcXSpJgnvjYNhJAaCBYqopndTrnhV zyx3HvgWVGBXIy6/4Bp9xGDIMQZHBEVYIkBGTxc+PCTE9TAlLiUkTJzjHiXS5pTFKSMgdkTfIe26lo1orz0zo2Z0iqQ3JaWLA9LElJcS1qe5Jp4bZ83+5j01nvpuE/qH1mtMrMItsX/pZpn/1elaFAY4NTUIqikxjK6OWZfcdE Xf3P1SlSKHhDiN+xRPCTOjnPXZNZrM1K57G5j4m8nUrN4zm5vjXd+SBuz/HOc8aNeq/lG11jyu1Gt21EXsYR+HNM8T1HGBBlrG+xFPeHbOHelkTv6Z6hSsZhfflvPwAbyLjyk=</latexit>
0.5
<latexit sha1_base64="y8tA+ixc/cGs2f7M2UPN1UBgAfQ=">AAACxnicjVHLSsNAFD2Nr1pfVZdugkVwFZ Kq6LLgpsuK9gG1SDKd1qFpEiYTRYrgD7jVTxP/QP/CO2MKahGdkOTMufecmXtvkIQiVa77WrDm5hcWl4rLpZXVtfWN8uZWK40zyXiTxWEsO4Gf8lBEvKmECnknkdwfByFvB6NTHW/fcJmKOLpQdwnvjf1hJAaC+Yqoc9c5uipX XMc1y54FXg4qyFcjLr/gEn3EYMgwBkcERTiEj5SeLjy4SIjrYUKcJCRMnOMeJdJmlMUpwyd2RN8h7bo5G9Fee6ZGzeiUkF5JSht7pIkpTxLWp9kmnhlnzf7mPTGe+m539A9yrzGxCtfE/qWbZv5Xp2tRGODE1CCopsQwujqWu2 SmK/rm9peqFDkkxGncp7gkzIxy2mfbaFJTu+6tb+JvJlOzes/y3Azv+pY0YO/nOGdBq+p4B0717LBSq+ajLmIHu9ineR6jhjoaaJL3EI94wrNVtyIrs24/U61CrtnGt2U9fADzyo+g</latexit>
1<latexit sha1_base64="/rdZpFHPOYbOmcg2Rsz0lgcuxzg=">AAACxHicjVHLSsNAFD2Nr1pfVZdugkVwVZ Iq6LIgiMsWbC3UIkk6rUOnSchMhFL0B9zqt4l/oH/hnXEKahGdkOTMufecmXtvmAoulee9FpyFxaXlleJqaW19Y3OrvL3TlkmeRawVJSLJOmEgmeAxaymuBOukGQvGoWBX4ehMx6/uWCZ5El+qScp642AY8wGPAkVU078pV7yq Z5Y7D3wLKrCrkZRfcI0+EkTIMQZDDEVYIICkpwsfHlLiepgSlxHiJs5wjxJpc8pilBEQO6LvkHZdy8a0157SqCM6RdCbkdLFAWkSyssI69NcE8+Ns2Z/854aT323Cf1D6zUmVuGW2L90s8z/6nQtCgOcmho41ZQaRlcXWZfcdE Xf3P1SlSKHlDiN+xTPCEdGOeuzazTS1K57G5j4m8nUrN5HNjfHu74lDdj/Oc550K5V/aNqrXlcqdfsqIvYwz4OaZ4nqOMCDbSM9yOe8OycO8KRTv6Z6hSsZhfflvPwAb7rjyo=</latexit>
0.98
<latexit sha1_base64="OGz+y2NqQ3crzCvouuEHVGs2G68=">AAACx3icjVHLSsNAFD2Nr1pfVZdugkVwFZ IqWHcFN7qrYGuhFknSaRuaF5NJsRQX/oBb/TPxD/QvvDNOQS2iE5KcOfeeM3Pv9dIwyIRtvxaMhcWl5ZXiamltfWNzq7y908qSnPus6Sdhwtuem7EwiFlTBCJk7ZQzN/JCdu2NzmT8esx4FiTxlZikrBu5gzjoB74rJGVbp7Xb csW2bLXMeeBoUIFejaT8ghv0kMBHjggMMQThEC4yejpwYCMlrospcZxQoOIM9yiRNqcsRhkusSP6DmjX0WxMe+mZKbVPp4T0clKaOCBNQnmcsDzNVPFcOUv2N++p8pR3m9Df014RsQJDYv/SzTL/q5O1CPRRUzUEVFOqGFmdr1 1y1RV5c/NLVYIcUuIk7lGcE/aVctZnU2kyVbvsravibypTsnLv69wc7/KWNGDn5zjnQatqOUdW9fK4Uq/qURexh30c0jxPUMc5GmiS9xCPeMKzcWEkxti4+0w1Clqzi2/LePgAqLSP5g==</latexit>
0.99
<latexit sha1_base64="LxSjkQ6c/d+zEGFBtvEerxqllwA=">AAACx3icjVHLSsNAFD2Nr1pfVZdugkVwFZ IqaHcFN7qrYGuhFknSaRuaF5NJsRQX/oBb/TPxD/QvvDNOQS2iE5KcOfeeM3Pv9dIwyIRtvxaMhcWl5ZXiamltfWNzq7y908qSnPus6Sdhwtuem7EwiFlTBCJk7ZQzN/JCdu2NzmT8esx4FiTxlZikrBu5gzjoB74rJGVbtdpt uWJbtlrmPHA0qECvRlJ+wQ16SOAjRwSGGIJwCBcZPR04sJES18WUOE4oUHGGe5RIm1MWowyX2BF9B7TraDamvfTMlNqnU0J6OSlNHJAmoTxOWJ5mqniunCX7m/dUecq7Tejvaa+IWIEhsX/pZpn/1claBPo4VTUEVFOqGFmdr1 1y1RV5c/NLVYIcUuIk7lGcE/aVctZnU2kyVbvsravibypTsnLv69wc7/KWNGDn5zjnQatqOUdW9fK4Uq/qURexh30c0jxPUMc5GmiS9xCPeMKzcWEkxti4+0w1Clqzi2/LePgAqxSP5w==</latexit>
1<latexit sha1_base64="/rdZpFHPOYbOmcg2Rsz0lgcuxzg=">AAACxHicjVHLSsNAFD2Nr1pfVZdugkVwVZ Iq6LIgiMsWbC3UIkk6rUOnSchMhFL0B9zqt4l/oH/hnXEKahGdkOTMufecmXtvmAoulee9FpyFxaXlleJqaW19Y3OrvL3TlkmeRawVJSLJOmEgmeAxaymuBOukGQvGoWBX4ehMx6/uWCZ5El+qScp642AY8wGPAkVU078pV7yq Z5Y7D3wLKrCrkZRfcI0+EkTIMQZDDEVYIICkpwsfHlLiepgSlxHiJs5wjxJpc8pilBEQO6LvkHZdy8a0157SqCM6RdCbkdLFAWkSyssI69NcE8+Ns2Z/854aT323Cf1D6zUmVuGW2L90s8z/6nQtCgOcmho41ZQaRlcXWZfcdE Xf3P1SlSKHlDiN+xTPCEdGOeuzazTS1K57G5j4m8nUrN5HNjfHu74lDdj/Oc550K5V/aNqrXlcqdfsqIvYwz4OaZ4nqOMCDbSM9yOe8OycO8KRTv6Z6hSsZhfflvPwAb7rjyo=</latexit>
0.99
<latexit sha1_base64="j0afqEy7KyFNfZurXcALGNGWJQY=">AAACx3icjVHLSsNAFD2Nr1pfVZdugkVwFZIqaHcFN7 qrYGuhFknSaRuaZEIyKZbiwh9wq38m/oH+hXfGKahFdEKSM+fec2buvV4SBpmw7deCsbC4tLxSXC2trW9sbpW3d1oZz1OfNX0e8rTtuRkLg5g1RSBC1k5S5kZeyK690ZmMX49ZmgU8vhKThHUjdxAH/cB3haRsq1a7LVdsy1bLnAeOBhXo1eDlF9ygBw 4fOSIwxBCEQ7jI6OnAgY2EuC6mxKWEAhVnuEeJtDllMcpwiR3Rd0C7jmZj2kvPTKl9OiWkNyWliQPScMpLCcvTTBXPlbNkf/OeKk95twn9Pe0VESswJPYv3SzzvzpZi0Afp6qGgGpKFCOr87VLrroib25+qUqQQ0KcxD2Kp4R9pZz12VSaTNUue+uq+ JvKlKzc+zo3x7u8JQ3Y+TnOedCqWs6RVb08rtQtPeoi9rCPQ5rnCeo4RwNN8h7iEU94Ni4MboyNu89Uo6A1u/i2jIcPqeCP4w==</latexit>
0.97
<latexit sha1_base64="21+FgE1IHKU1fNt7lXZOEq7UJAY=">AAACx3icjVHLSsNAFD2Nr1pfVZdugkVwFZIqVHcFN7 qrYGuhFknSaTs0L5JJsRQX/oBb/TPxD/QvvDNOQS2iE5KcOfeeM3Pv9ZKAZ8K2XwvGwuLS8kpxtbS2vrG5Vd7eaWVxnvqs6cdBnLY9N2MBj1hTcBGwdpIyN/QCdu2NzmT8eszSjMfRlZgkrBu6g4j3ue8KSdnWae22XLEtWy1zHjgaVKBXIy6/4AY9xP CRIwRDBEE4gIuMng4c2EiI62JKXEqIqzjDPUqkzSmLUYZL7Ii+A9p1NBvRXnpmSu3TKQG9KSlNHJAmpryUsDzNVPFcOUv2N++p8pR3m9Df014hsQJDYv/SzTL/q5O1CPRxomrgVFOiGFmdr11y1RV5c/NLVYIcEuIk7lE8Jewr5azPptJkqnbZW1fF3 1SmZOXe17k53uUtacDOz3HOg1bVco6s6uVxpW7pURexh30c0jxrqOMcDTTJe4hHPOHZuDBiY2zcfaYaBa3ZxbdlPHwApSCP4Q==</latexit>
10 2
<latexit sha1_base64="gSudw9mreTBNU63qgRTFbkWZVJM=">AAACynicjVHLSsNAFD2Nr1pfVZdugkVwY0 iqoMuCGxcuKtgH1CpJOq3BvJhMhBK68wfc6oeJf6B/4Z1xCmoRnZDkzLnn3Jl7r5eGQSZs+7VkzM0vLC6Vlysrq2vrG9XNrXaW5NxnLT8JE9713IyFQcxaIhAh66acuZEXso53dyrjnXvGsyCJL8U4Zf3IHcXBMPBdQVTHsa+L g/rkplqzLVstcxY4GtSgVzOpvuAKAyTwkSMCQwxBOISLjJ4eHNhIieujII4TClScYYIKeXNSMVK4xN7Rd0S7nmZj2sucmXL7dEpILyeniT3yJKTjhOVppornKrNkf8tdqJzybmP6ezpXRKzALbF/+abK//pkLQJDnKgaAqopVY ysztdZctUVeXPzS1WCMqTESTygOCfsK+e0z6byZKp22VtXxd+UUrJy72ttjnd5Sxqw83Ocs6Bdt5xDq35xVGtYetRl7GAX+zTPYzRwhiZaqspHPOHZODe4MTaKT6lR0p5tfFvGwwcmGpFH</latexit>
10 1
<latexit sha1_base64="eeehTB8Q7sI1K8ZIaJdH95RXgu0=">AAACynicjVHLSsNAFD2Nr1pfVZdugkVwY0 hU0GXBjQsXFewDapVkOq2heTGZCCV05w+41Q8T/0D/wjtjCmoRnZDkzLnn3Jl7r5cEfipt+7VkzM0vLC6Vlysrq2vrG9XNrVYaZ4LxJouDWHQ8N+WBH/Gm9GXAO4ngbugFvO2NzlS8fc9F6sfRlRwnvBe6w8gf+MyVRLUd+yY/ cCa31Zpt2XqZs8ApQA3FasTVF1yjjxgMGUJwRJCEA7hI6enCgY2EuB5y4gQhX8c5JqiQNyMVJ4VL7Ii+Q9p1CzaivcqZajejUwJ6BTlN7JEnJp0grE4zdTzTmRX7W+5c51R3G9PfK3KFxErcEfuXb6r8r0/VIjHAqa7Bp5oSza jqWJEl011RNze/VCUpQ0Kcwn2KC8JMO6d9NrUn1bWr3ro6/qaVilV7VmgzvKtb0oCdn+OcBa1DyzmyDi+Pa3WrGHUZO9jFPs3zBHWco4GmrvIRT3g2LgxhjI38U2qUCs82vi3j4QMjuZFG</latexit>
0
<latexit sha1_base64="J1Pj1XtStP68QWoA63aLnNrng3I=">AAAC13icjVHLSsNAFD2Nr1pfsS7dBIvgqiRV0GXBjcsK9iGtlCSd1tA0CZOJtITiTtz6A271j8Q/0L/wzpiCWkQnJDlz7j1n5t7rRL4XC9N8zWkLi0vLK/n Vwtr6xuaWvl1sxGHCXVZ3Qz/kLceOme8FrC484bNWxJk9cnzWdIanMt68YTz2wuBCTCJ2NbIHgdf3XFsQ1dWLHcHGQvmknPWmqTnt6iWzbKplzAMrAyVkqxbqL+ighxAuEozAEEAQ9mEjpqcNCyYi4q6QEscJeSrOMEWBtAllMcqwiR3Sd0C7dsYGtJeesVK7dIpPLyelgX3ShJTHCcvTDBVPlLNkf/NOlae824T+TuY1Ilbgmti/dLPM/+pkLQJ9nKgaPKopUoyszs1cEtUVeXPjS1WCHCLiJO5RnBN2lXLWZ0NpYlW77K2t4m8qU7Jy72a5Cd7lLWnA1s9xzoNG pWwdlivnR6VqJRt1HrvYwwHN8xhVnKGGOnmP8YgnPGuX2q12p91/pmq5TLODb0t7+ACybpdv</latexit>
0.5
<latexit sha1_base64="HPmQF1WS9DZ/Fy4haZsnKpiuZpc=">AAAC2XicjVHLSsNAFD2Nr1pf8bFzEyyCq5JURZcFNy4r2Ae0pSTptAbzYjIRa+nCnbj1B9zqD4l/oH/hnTEFtYhOSHLm3HvOzL3XiX0vEab5mtNmZufmF/K LhaXlldU1fX2jnkQpd1nNjfyINx07Yb4XsprwhM+aMWd24Pis4VyeyHjjivHEi8JzMYxZJ7AHodf3XFsQ1dW32oJdC+Uz4qw3Hpmlw3FXL5olUy1jGlgZKCJb1Uh/QRs9RHCRIgBDCEHYh42EnhYsmIiJ62BEHCfkqTjDGAXSppTFKMMm9pK+A9q1MjakvfRMlNqlU3x6OSkN7JImojxOWJ5mqHiqnCX7m/dIecq7DenvZF4BsQIXxP6lm2T+VydrEejjWNXgUU2xYmR1buaSqq7ImxtfqhLkEBMncY/inLCrlJM+G0qTqNplb20Vf1OZkpV7N8tN8S5vSQO2fo5z GtTLJWu/VD47KFbK2ajz2MYO9mieR6jgFFXUyPsGj3jCs9bSbrU77f4zVctlmk18W9rDB/hul+Y=</latexit>
1<latexit sha1_base64="5p/gjOW9a0v7ObcPCIUpm0I9Uqg=">AAAC13icjVHLSsNAFD2Nr1pfsS7dBIvgqiRV0GXBjcsK9iGtlCSd1tA0CZOJtITiTtz6A271j8Q/0L/wzpiCWkQnJDlz7j1n5t7rRL4XC9N8zWkLi0vLK/n Vwtr6xuaWvl1sxGHCXVZ3Qz/kLceOme8FrC484bNWxJk9cnzWdIanMt68YTz2wuBCTCJ2NbIHgdf3XFsQ1dWLHcHGQvmknPWmqTXt6iWzbKplzAMrAyVkqxbqL+ighxAuEozAEEAQ9mEjpqcNCyYi4q6QEscJeSrOMEWBtAllMcqwiR3Sd0C7dsYGtJeesVK7dIpPLyelgX3ShJTHCcvTDBVPlLNkf/NOlae824T+TuY1Ilbgmti/dLPM/+pkLQJ9nKgaPKopUoyszs1cEtUVeXPjS1WCHCLiJO5RnBN2lXLWZ0NpYlW77K2t4m8qU7Jy72a5Cd7lLWnA1s9xzoNG pWwdlivnR6VqJRt1HrvYwwHN8xhVnKGGOnmP8YgnPGuX2q12p91/pmq5TLODb0t7+AC0z5dw</latexit>
0.4
<latexit sha1_base64="WmgOXiqMvQmixTK/1TKif12xX6E=">AAAC2XicjVHLSsNAFD2Nr1pf8bFzEyyCq5DWgi4LblxWsA9oiyTptIamSZhMxBq6cCdu/QG3+kPiH+hfeGdMQS2iE5KcOfeeM3PvdSLfi4Vlvea0ufmFxaX 8cmFldW19Q9/casRhwl1Wd0M/5C3HjpnvBawuPOGzVsSZPXJ81nSGJzLevGI89sLgXIwj1h3Zg8Dre64tiLrQdzqCXQvlk3LWm6SWWZlc6EXLtNQyZkEpA0VkqxbqL+ighxAuEozAEEAQ9mEjpqeNEixExHWREscJeSrOMEGBtAllMcqwiR3Sd0C7dsYGtJeesVK7dIpPLyelgX3ShJTHCcvTDBVPlLNkf/NOlae825j+TuY1Ilbgkti/dNPM/+pkLQJ9HKsaPKopUoyszs1cEtUVeXPjS1WCHCLiJO5RnBN2lXLaZ0NpYlW77K2t4m8qU7Jy72a5Cd7lLWnApZ/j nAWNslk6NMtnlWK1nI06j13s4YDmeYQqTlFDnbxv8IgnPGtt7Va70+4/U7VcptnGt6U9fAD2DZfl</latexit>
0.6
<latexit sha1_base64="5wF4V9EX5UIVTY0MWVst7iEgJOE=">AAAC2XicjVHLSsNAFD2Nr1pf8bFzEyyCq5JUUZcFNy4r2Ae0pSTptAbzYjIRa+nCnbj1B9zqD4l/oH/hnTEFtYhOSHLm3HvOzL3XiX0vEab5mtNmZufmF/K LhaXlldU1fX2jnkQpd1nNjfyINx07Yb4XsprwhM+aMWd24Pis4VyeyHjjivHEi8JzMYxZJ7AHodf3XFsQ1dW32oJdC+Uz4qw3Hpmlw3FXL5olUy1jGlgZKCJb1Uh/QRs9RHCRIgBDCEHYh42EnhYsmIiJ62BEHCfkqTjDGAXSppTFKMMm9pK+A9q1MjakvfRMlNqlU3x6OSkN7JImojxOWJ5mqHiqnCX7m/dIecq7DenvZF4BsQIXxP6lm2T+VydrEejjWNXgUU2xYmR1buaSqq7ImxtfqhLkEBMncY/inLCrlJM+G0qTqNplb20Vf1OZkpV7N8tN8S5vSQO2fo5z GtTLJWu/VD47KFbK2ajz2MYO9mieR6jgFFXUyPsGj3jCs9bSbrU77f4zVctlmk18W9rDB/rPl+c=</latexit>
0.8
<latexit sha1_base64="kGg2bwdp6wbs5rS265Hp+5QqdEg=">AAAC2XicjVHLSsNAFD2Nr1pf8bFzEyyCq5BWwS4LblxWsA9oiyTptIamSZhMxBq6cCdu/QG3+kPiH+hfeGdMQS2iE5KcOfeeM3PvdSLfi4Vlvea0ufmFxaX 8cmFldW19Q9/casRhwl1Wd0M/5C3HjpnvBawuPOGzVsSZPXJ81nSGJzLevGI89sLgXIwj1h3Zg8Dre64tiLrQdzqCXQvlk3LWm6SWWZlc6EXLtNQyZkEpA0VkqxbqL+ighxAuEozAEEAQ9mEjpqeNEixExHWREscJeSrOMEGBtAllMcqwiR3Sd0C7dsYGtJeesVK7dIpPLyelgX3ShJTHCcvTDBVPlLNkf/NOlae825j+TuY1Ilbgkti/dNPM/+pkLQJ9VFQNHtUUKUZW52YuieqKvLnxpSpBDhFxEvcozgm7Sjnts6E0sapd9tZW8TeVKVm5d7PcBO/yljTg0s9x zoJG2SwdmuWzo2K1nI06j13s4YDmeYwqTlFDnbxv8IgnPGtt7Va70+4/U7VcptnGt6U9fAD/kZfp</latexit>
1<latexit sha1_base64="5p/gjOW9a0v7ObcPCIUpm0I9Uqg=">AAAC13icjVHLSsNAFD2Nr1pfsS7dBIvgqiRV0GXBjcsK9iGtlCSd1tA0CZOJtITiTtz6A271j8Q/0L/wzpiCWkQnJDlz7j1n5t7rRL4XC9N8zWkLi0vLK/n Vwtr6xuaWvl1sxGHCXVZ3Qz/kLceOme8FrC484bNWxJk9cnzWdIanMt68YTz2wuBCTCJ2NbIHgdf3XFsQ1dWLHcHGQvmknPWmqTXt6iWzbKplzAMrAyVkqxbqL+ighxAuEozAEEAQ9mEjpqcNCyYi4q6QEscJeSrOMEWBtAllMcqwiR3Sd0C7dsYGtJeesVK7dIpPLyelgX3ShJTHCcvTDBVPlLNkf/NOlae824T+TuY1Ilbgmti/dLPM/+pkLQJ9nKgaPKopUoyszs1cEtUVeXPjS1WCHCLiJO5RnBN2lXLWZ0NpYlW77K2t4m8qU7Jy72a5Cd7lLWnA1s9xzoNG pWwdlivnR6VqJRt1HrvYwwHN8xhVnKGGOnmP8YgnPGuX2q12p91/pmq5TLODb0t7+AC0z5dw</latexit>
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
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<latexit sha1_base64="7D+pmZjTxeT/vtVjp7qEW2pIV+w="></latexit>
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<latexit sha1_base64="eFieNvMJKaOf8Wv5L38VjhTEyjg="></latexit>
⇧
2
<latexit sha1_base64="eFieNvMJKaOf8Wv5L38VjhTEyjg="></latexit>
⇧
3
<latexit sha1_base64="0UQBKCuitu1CCTbpF5a2AIt6hh8="></latexit>
⇧
3
<latexit sha1_base64="0UQBKCuitu1CCTbpF5a2AIt6hh8="></latexit>
⌦/!b
<latexit sha1_base64="K9WxJZFHbR5wmYXi1MZInKEcABg=">AAAC53icjVHLSgMxFD0d3+9Rl24Gi+CqTq ugy4IbdyrYVmilZGKsofNiJiOW0r07d+LWH3CrfyL+gf6FN3EKahHNMMnJufec5OZ6sS9T5bqvBWtsfGJyanpmdm5+YXHJXl6pp1GWcFHjkR8lpx5LhS9DUVNS+eI0TgQLPF80vO6+jjeuRJLKKDxRvVicBawTygvJmSKqba+3 lLhWxqfv+Yx3B/3WYSA6bKsV6aXtDdp20S25ZjijoJyDIvJxFNkvaOEcETgyBBAIoQj7YEjpa6IMFzFxZ+gTlxCSJi4wwCxpM8oSlMGI7dLcoV0zZ0Paa8/UqDmd4tOfkNLBBmkiyksI69McE8+Ms2Z/8+4bT323Hq1e7hUQq3 BJ7F+6YeZ/dboWhQvsmRok1RQbRlfHc5fMvIq+ufOlKkUOMXEan1M8IcyNcvjOjtGkpnb9tszE30ymZvWe57kZ3vUtqcHln+0cBfVKqbxdqhzvFKuVvNXTWMM6Nqmfu6jiAEeokfcNHvGEZ0tat9addf+ZahVyzSq+DevhA2O6n js=</latexit>
(a)
<latexit sha1_base64="1vVyL5SpusLL7gS8XaeihFsSUWw=">AAAC4XicjVHLSsNAFD2N7/qqutRFsAi6Ka mKuhTcuKxgH9AWSaajDubFZOKD0I07d+LWH3CrPyP+gf6Fd8YUfCA6IcmZc+85M/deL/ZFohznpWANDY+Mjo1PFCenpmdmS3PzjSRKJeN1FvmRbHluwn0R8roSyuetWHI38Hze9M72dLx5zmUiovBQXcW8G7gnoTgWzFVEHZWW OopfKuOTXZwKxfvZataRge321/pHpbJTccyyf4JqDsrIVy0qPaODHiIwpAjAEUIR9uEioaeNKhzExHWREScJCRPn6KNI2pSyOGW4xJ7R94R27ZwNaa89E6NmdIpPrySljRXSRJQnCevTbBNPjbNmf/POjKe+2xX9vdwrIFbhlN i/dIPM/+p0LQrH2DE1CKopNoyujuUuqemKvrn9qSpFDjFxGvcoLgkzoxz02TaaxNSue+ua+KvJ1Kzeszw3xZu+JQ24+n2cP0FjvVLdqKwfbJZ3t/JRj2MRy1ileW5jF/uooU7e13jAI54sZt1Yt9bdR6pVyDUL+LKs+3dqsZuS< /latexit>
(b)
<latexit sha1_base64="SR3zg6+RhhsncGvawdRSnRrF9KA=">AAAC4XicjVHJSsRAEH0T933Uox6CgzBehk RFPQpePI7gqOCIJG3PTGM2Oh0XQi7evIlXf8Cr/oz4B/oXVrcRXBDtkOT1q3qvu6r8JBCpcpznitXXPzA4NDwyOjY+MTlVnZ7ZS+NMMt5icRDLA99LeSAi3lJCBfwgkdwL/YDv+6dbOr5/xmUq4mhXXSb8KPS6kegI5imijqvz bcUvlPHJz3tC8SKv520Z2n6xVBxXa07DMcv+CdwS1FCuZlx9QhsniMGQIQRHBEU4gIeUnkO4cJAQd4ScOElImDhHgVHSZpTFKcMj9pS+XdodlmxEe+2ZGjWjUwJ6JSltLJImpjxJWJ9mm3hmnDX7m3duPPXdLunvl14hsQo9Yv /SfWT+V6drUehgw9QgqKbEMLo6Vrpkpiv65vanqhQ5JMRpfEJxSZgZ5UefbaNJTe26t56Jv5hMzeo9K3MzvOpb0oDd7+P8CfaWG+5KY3lntba5Vo56GHNYQJ3muY5NbKOJFnlf4R4PeLSYdW3dWLfvqVal1Mziy7Lu3gBtFJuT< /latexit>
(c)
<latexit sha1_base64="i7nicPRgQ5/PIQj7C/X4GJaA8m4=">AAAC4XicjVHLSsNAFD3GV62vqEtdBIugm5 JWUZcFNy4rWFuwUpJx1NC8mEzEErJx507c+gNu9WfEP9C/8M4YQS2iE5KcOfeeM3PvdWPfS6Rtv4wYo2PjE5OlqfL0zOzcvLmweJREqWC8xSI/Eh3XSbjvhbwlPenzTiy4E7g+b7v9PRVvX3KReFF4KAcxPwmc89A785gjieqZ K13Jr6T2yVzfYf08W8+6IrBYvpH3zIpdtfWyhkGtABUUqxmZz+jiFBEYUgTgCCEJ+3CQ0HOMGmzExJ0gI04Q8nScI0eZtCllccpwiO3T95x2xwUb0l55JlrN6BSfXkFKC2ukiShPEFanWTqeamfF/uadaU91twH93cIrIFbigt i/dJ+Z/9WpWiTOsKtr8KimWDOqOla4pLor6ubWl6okOcTEKXxKcUGYaeVnny2tSXTtqreOjr/qTMWqPStyU7ypW9KAaz/HOQyO6tXaZrV+sFVpbBejLmEZq1inee6ggX000SLvazzgEU8GM26MW+PuI9UYKTRL+LaM+3cX3ptw< /latexit>
(d)
<latexit sha1_base64="3tY0iCNn3IfLoyRosjaeg2lcWeg=">AAAC4XicjVHLSsNAFD2Nr/qOutRFsAi6KW kVdVlw47KCtQUrkkxHDc2LyUQsIRt37sStP+BWf0b8A/0L74wp+EB0QpIz595zZu69bux7ibTtl5IxMjo2PlGenJqemZ2bNxcWj5IoFYy3WORHouM6Cfe9kLekJ33eiQV3Atfnbbe/p+LtSy4SLwoP5SDmJ4FzHnpnHnMkUafm SlfyK6l9Mtd3WD/P1rOuCKxevpGfmhW7autl/QS1AlRQrGZkPqOLHiIwpAjAEUIS9uEgoecYNdiIiTtBRpwg5Ok4R44p0qaUxSnDIbZP33PaHRdsSHvlmWg1o1N8egUpLayRJqI8QVidZul4qp0V+5t3pj3V3Qb0dwuvgFiJC2 L/0g0z/6tTtUicYVfX4FFNsWZUdaxwSXVX1M2tT1VJcoiJU7hHcUGYaeWwz5bWJLp21VtHx191pmLVnhW5Kd7ULWnAte/j/AmO6tXaZrV+sFVpbBejLmMZq1inee6ggX000SLvazzgEU8GM26MW+PuI9UoFZolfFnG/TsaQZtx< /latexit>> 0.99
<latexit sha1_base64="wERp5xDj5rNnI3eitQMjt70xWrQ=">AAAC3XicjVHLSsNAFD2Nr1pfUTeCm2ARXJ VUBe1GCm5cVrAPaEtJptMamiYhmYgl1J07cesPuNXfEf9A/8I7YwpqEZ2Q5My595yZe68duE4kTPM1o83Mzs0vZBdzS8srq2v6+kYt8uOQ8SrzXT9s2FbEXcfjVeEIlzeCkFtD2+V1e3Aq4/UrHkaO712IUcDbQ6vvOT2HWYKo jr7VEvxaKJ/Edi02GCcnZqFUGnf0vFkw1TKmQTEFeaSr4usvaKELHwwxhuDwIAi7sBDR00QRJgLi2kiICwk5Ks4xRo60MWVxyrCIHdC3T7tmynq0l56RUjM6xaU3JKWBXdL4lBcSlqcZKh4rZ8n+5p0oT3m3Ef3t1GtIrMAlsX /pJpn/1claBHo4VjU4VFOgGFkdS11i1RV5c+NLVYIcAuIk7lI8JMyUctJnQ2kiVbvsraXibypTsnLP0twY7/KWNODiz3FOg9p+oXhQ2D8/zJfNdNRZbGMHezTPI5Rxhgqq5H2DRzzhWetot9qddv+ZqmVSzSa+Le3hA6MkmUk=< /latexit>
> 0.99
<latexit sha1_base64="wERp5xDj5rNnI3eitQMjt70xWrQ=">AAAC3XicjVHLSsNAFD2Nr1pfUTeCm2ARXJ VUBe1GCm5cVrAPaEtJptMamiYhmYgl1J07cesPuNXfEf9A/8I7YwpqEZ2Q5My595yZe68duE4kTPM1o83Mzs0vZBdzS8srq2v6+kYt8uOQ8SrzXT9s2FbEXcfjVeEIlzeCkFtD2+V1e3Aq4/UrHkaO712IUcDbQ6vvOT2HWYKo jr7VEvxaKJ/Edi02GCcnZqFUGnf0vFkw1TKmQTEFeaSr4usvaKELHwwxhuDwIAi7sBDR00QRJgLi2kiICwk5Ks4xRo60MWVxyrCIHdC3T7tmynq0l56RUjM6xaU3JKWBXdL4lBcSlqcZKh4rZ8n+5p0oT3m3Ef3t1GtIrMAlsX /pJpn/1claBHo4VjU4VFOgGFkdS11i1RV5c+NLVYIcAuIk7lI8JMyUctJnQ2kiVbvsraXibypTsnLP0twY7/KWNODiz3FOg9p+oXhQ2D8/zJfNdNRZbGMHezTPI5Rxhgqq5H2DRzzhWetot9qddv+ZqmVSzSa+Le3hA6MkmUk=< /latexit>
FIG. 5: Purities of (a) two-phonon and (b) three-phonon
emissions vs λ/ωb and κ/ωb when Ω/ωb = 0.2 and γ/ωb =
0.0004. (c) Vertical cuts of the purity along the arrows in (a)
and (b). The solid and dashed lines correspond to λ/ωb = 0.06
and λ/ωb = 0.1, respectively. Inset: Purities vs Ω/ωb when
λ/ωb = 0.1, κ/ωb = 0.001 and γ/ωb = 0.0004. (d) Horizontal
cuts of the purity along the arrows in (a) and (b).
Here, n = 2 and ni = 1 show the cascaded two-phonon
emission (other cases are shown in the supplementary
material [64]).
Discussions of purity and experimental feasibility.—In
an actual system, or with exact numerical simulations,
there is always a contamination of the n-phonon emission
by other processes, even when the system is driven at
a perfect n-phonon assisted anti-Stokes resonance. In
our case, this comes chiefly from off-resonant m-phonon
emission (m 6= n). We thus calculate numerically the
purity Πn of n-phonon emission during the time window
T [16]. The purity is independent of T and is defined
as Πn = nP˜n/
∑n
ni=1
niP˜ni , where P˜ni is the mean
population of the ni-phonon state in the time-span T .
Figure 5 shows that two- and three-phonon emissions
with high purities (> 95%) can be realized in a wide range
of parameters for κ/ωb and λ/ωb, under the anti-Stokes
conditions. The effect of off-resonant phonon emission on
the purity is more notable for larger cavity decay rates.
Especially, as n increases, this effect is more obvious
due to the occurrence of more off-resonant transitions.
Moreover, increasing λ/ωb can enhance (decrease) the
three-phonon (two-phonon) emission purity by enhancing
the high-order phonon sideband processes. More
interestingly, the inset of Fig. 5(c) shows that high
purities (> 97%) are robust with the driving amplitude
Ω, which originally comes from the high-fidelity of
anti-Stokes processes for different driving regimes.
Regarding experimental implementations, while we
have considered here a semiconductor system with a
quantum dot coupled to a THz acoustic nanocavity, our
proposal is not limited to this particular architecture
and could be implemented or adapted in a variety
of platforms. For our specific design, the theoretical
model predicts that the current technology [28–31] should
already be able to deliver around 99% two-phonon
5and 97% three-phonon emission (ωb/2pi = 1 THz,
ωσ/2pi = 100 THz, Ω/2pi = 0.2 THz, λ/2pi = 0.1 THz,
κ/2pi = 2 GHz and γ/2pi = 0.4 GHz). A direct
observation of our phenomenon could be made with
a nanocalorimeter, where phonons are converted into
electrons by interactions between the nanocavity and the
electron gas (transducer), thus allowing phonon counting
and other types of statistical processing [71, 72] with
well-controlled electronics.
Conclusions—We have proposed an efficient method
for realizing n-phonon bundle emission. Our proposal is
based on the anti-Stokes process in an acoustic cQED
system, where a laser drives anti-Stokes resonances
that induce n-phonon super-Rabi oscillations in the
cavity. Together with the system dissipation, n-phonon
bundle emission with high purity (> 97%) is obtained
over a wide range of parameters. The purity of the
n-phonon emission depends on the decay of cavity
and the electron-phonon coupling strength, and is
robust with the strength of the pumping laser. The
scheme is easily tunable simply by adjusting the
frequency of the pumping laser, allowing essentially
pure two and three-phonon emission with the currently
available technology. Our study not only provides a
promising route for implementing n-phonon laser with
the stimulated Raman process [64], but also has potential
applications for on-chip quantum information processing.
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